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METHODS FOR TREATING FUNCTIONAL BOWEL DISORDERS T Kmr ~ a 
SUBUNIT CALCIUM CHANNEL UO^TO^^^^Scm 

MODULATORS 



FIELD OF THE INVENTION 
The invention relates to methods for treating functional bowel disorders, 
particularly Irritable Bowel Syndrome, using smooth muscle modulators and a 2 8 
subunit calcium channel modulators. 

BACKGROUND OF THE INVENTION 
Functional Bowel Disorders (FBDs) refer to disorders or diseases where the 
primary abnormality is an altered physiological function of the bowels, rather than an 
identifiable structural or biochemical cause. While the term bowel is commonly 
defined as the small and large intestines, the phrase "functional bowel disorder" is 
generally held to encompass disorders or diseases related to the mid or lower 
gastrointestinal tract, which includes the stomach as well as the intestines. Specific 
FBD's are Irritable Bowel Syndrome (IBS), functional abdominal bloating, functional 
constipation, functional diarrhea, and unspecified functional bowel disorder (see, 
Drossman D. et ah [Eds.], Functional GI Disorders: Diagnosis, Pathophysiology, 
Treatment, A Multinational Consensus, 1994). Additional gastrointestinal disorders 
are also viewed as being encompassed by the FBD designation, including functional 
dyspepsia (see, Camilleri, M., Functional Bowel Disease: Roles of Sensation and 
Motility (64 th Annual Meeting of the Swiss Society of Gastroenterology and 
Hepatology),S c /b^M*/. Wochenschr, 2000, 130:1772-81), and functional 
abdominal pain syndrome (see CME series No. 13, available online at the website: 
25 medicine.org.hk/hkducme/bulletin/200307/27.pdf). 

FBDs are diagnosed by characteristic symptoms being present for at least 12 
weeks during the preceding 12 months in the absence of a structural or biochemical 
explanation (see, Thompson et al., Gut, 45 (Suppl. n) : li43-II47 (1999)). Individual 
FBDs (IBS, functional abdominal bloating, functional constipation, and functional 
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diarrhea) are distinguished by symptom-based diagnostic criteria. Unspecified FBD 
presents as a bowel disorder lacking the specific criteria for the other FBDs. 

These specified, and unspecified, FBDs are known to affect a large number of 
individuals. IBS alone is estimated to affect approximately 10-20% of the general 
5 population. IBS is the most common disease diagnosed by gastroenterologists and 
one of the most common disorders seen by all physicians. Since IBS has no 
characteristic pathophysiological abnormality, the diagnosis is mainly based on 
symptom analysis, such as by the Manning criteria (1978) or the Rome I (1989) and 
Rome II (1999) criteria. Generally, symptoms associated with IBS include abdominal 

10 pain, abnormal stool frequency, abnormal stool form, abnormal stool passage, 

mucorrhea, and bloating or feeling of abdominal distension. A diagnosis of IBS is 
generally supported through cumulative presence of the symptoms described above. 

Treatment options for IBS generally encompass multiple approaches that are 
customized to the patient depending upon the severity of the symptoms. Patients 

1 5 diagnosed with mild IBS symptoms are often counseled about managing stress and 
making diet and lifestyle changes. Patients diagnosed with moderate IBS are 
similarly counseled with the added recommendation of fiber supplements. Depending 
on the symptoms, moderate IBS patients can also be advised to use antidiarrheals, 
laxatives, or anticholinergic agents. Typical antidiarrheals include loperamide 

20 (Imodium®), attapulgite (K!aopectate®), and diphenoxylate (Lotomil®). Typical 
laxatives include bisacodyl (Dulcolax®), senna (Senokot®), polyethylene 3350 
(Miralax™), and bulk-forming fiber laxatives, such as psyllium (Metamucil®), calcium 
polycarbophil (Equalactin®), methylcellulose (Citrucel®), and fructan (Fiber Choice®). 
An example of an anticholinergic used in treating IBS is dicyclomine (Bentyl®). 

25 Patients diagnosed with severe IBS may receive, in addition to the above, 

treatment with antidepressants, including tricyclics and selective serotonin reuptake 
inhibitors (SSRIs). Severe IBS may also be treated with medication having 5-HT 3 
activity, such as alosetron (Lotronex®), or 5-HT 4 activity, such as tegaserod 
(Zelnonn®). 

30 Tricyclic antidepressants, such as amitriptyline (Amitril® or Elavil®), 

imipramine (Tofranil®), and doxepin (Adapin®), are used in treating IBS symptoms 
because of the anticholinergic and analgesic properties they exhibit independent of 
their psychotropic effects. It has been reported that the anticholinergic and analgesic 
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effects of the tricyclic antidepressants on the gastrointestinal tract can benefit patients 
with pain predominant IBS and increased bowel frequency (see, Clousse, R.R., Dig. 
Dis. Sci. 9 39: 2352-2363 (1994)). 

Given the variable dynamics of IBS, problems associated with treatment, 
5 especially long-term treatment, abound. Identifying diet or lifestyle patterns that 
promote IBS can be difficult to accomplish, and such changes can have limited 
effectiveness. Antidiarrheal medications often cause side effects, such as bloating, 
cramping, and constipation. Laxative dependency is of itself problematic and can 
cause fluctuating bowel habits that lead to social difficulties. Further, many patients 
10 are also reluctant to use drugs associated with psychiatric indications, such as 
depression. 

Because existing therapies and treatments for functional bowel disorders have 
limited efficacy and are associated with side effects that result in reduced patient 
compliance, the present invention presents a significant advantage over these 
1 5 treatments via increased efficacy and decreased side effects. Because detrimental side 
effects are lessened, the present invention also has the benefit of improving patient 
compliance. 

SUMMARY OF THE INVENTION 
20 Compositions and methods for treating functional bowel disorders, 

particularly IBS, are provided. Compositions of the invention comprise a 2 8 subunit 
calcium channel modulators in combination with one or more compounds with 
smooth muscle modulatory effects. According to the present invention, c^S subunit 
calcium channel modulators include GABA analogs (e.g., gabapentin and pregabalin), 
25 fused bicyclic or tricyclic amino acid analogs of gabapentin, and amino acid 
compounds. Compounds with smooth muscle modulatory effects include 
antimuscarinics, 03 adrenergic agonists, spasmolytics, neurokinin receptor 
antagonists, bradykinin receptor antagonists, and nitric oxide donors. Compositions 
of the invention include combinations of the aforementioned compounds as well as 
30 pharmaceutically acceptable, pharmacologically active acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and derivatives thereof. 

The compositions are administered in therapeutically effective amounts to a 
patient in need thereof for treating functional bowel disorders. It is recognized that 
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the compositions may be administered by any means of administration as long as an 
effective amount for the treatment of symptoms associated with functional bowel 
disorders. The compositions may be formulated, for example, for sustained, 
continuous, or as-needed administration. 
5 One advantage of the present invention is that at least one detrimental side 

effect associated with single administration of an o^S subunit calcium channel 
modulator or a smooth muscle modulator is lessened by concurrent administration of 
an a 2 8 subunit calcium channel modulator with a smooth muscle modulator. When an 
cfe5 subunit calcium channel modulator is administered in combination with a smooth 

10 muscle modulator, less of each agent is needed to achieve therapeutic efficacy. 

Because current treatments for functional bowel disorders have limited efficacy and 
are associated with side effects that result in reduced patient compliance, the present 
invention presents a significant advantage over these treatments via increased efficacy 
and decreased side effects. Because detrimental side effects are lessened, the present 

1 5 invention also has the benefit of improving patient compliance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1. Figure 1 depicts the effect of cumulative increasing doses of 
oxybutynin (n=13), gabapentin (n=l 1) and their matched combinations (e.g. Dose 1 
20 for the combination was 30 mg/kg gabapentin and 1 mg/kg oxybutynin; n=l 1) on 

bladder capacity in an irritative model. Data are normalized to saline controls and are 
presented as Mean ± SEM. 



Figure 2. Figure 2 depicts the effect of cumulative increasing doses of 
25 oxybutynin (n=13), gabapentin (n=l 1) and their matched combinations (e.g. Dose 1 
for the combination was 30 mg/kg gabapentin and 1 mg/kg oxybutynin; n=l 1) on 
bladder capacity in an irritative model (normalized to % Recovery from Irritation). 
Data are presented as Mean ± SEM. 

30 Figure 3. Figure 3 depicts the results of isobologram studies as determined by 

utilizing group means to determine effective doses. The common maximal effect for 
either drug alone was a return to 43% of saline control. The line connecting the two 
axes at the effective dose for each drug alone represents theoretical additivity. 
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Figure 4. Figure 4 depicts the results of isobologram studies using a common 
maximal effect of individual animals using a return to 31% of saline control values. 
Data are presented as Mean ± SD. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
Overview and Definitions 

The present invention provides compositions and methods for treating 
functional bowel disorders. The compositions comprise a therapeutically effective 
1 0 dose of a compound with smooth muscle modulatory effects in combination with an 
a 2 8 subunit calcium channel modulator, such as gabapentin or pregabalin. Compounds 
with smooth muscle modulatory effects include, but are not limited to, 
antimuscarinics, p3 adrenergic agonists, spasmolytics, neurokinin receptor 
antagonists, bradykinin receptor antagonists, and nitric oxide donors. The methods 
1 5 are accomplished by adrnmistering, for example, a compound with smooth muscle 
modulatory effects, such as oxybutynin, in combination with an a 2 8 subunit calcium 
channel modulator and/or another compound that interacts with o^d subunit- 
containing calcium channels, such as gabapentin or pregabalin. For these methods, 
various compositions and formulations that contain quantities of a compound with 
20 smooth muscle modulatory effects in combination with an a 2 8 subunit calcium 

channel modulator and/or other compounds that interact with 0,8 subunit-containing 
calcium channels are encompassed. 

It is to be understood that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other embodiments are intended to 
25 be included within the scope of the appended claims. Although specific terms are 
employed herein, they are used in a generic and descriptive sense only and not for 
purposes of limitation. 

It must be noted that as used in this specification and the appended 
embodiments, the singular forms "a," "an," and "the" include plural referents unless 
30 the context clearly dictates otherwise. Thus, for example, reference to "an active 

agent" or "a pharmacologically active agent" includes a single active agent as well as 
two or more different active agents in combination, reference to "a carrier" includes 
mixtures of two or more carriers as well as a single carrier, and the like. 
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By "non-painful" is intended sensations or symptoms including mild or 
general discomfort that a patient subjectively describes as not producing or resulting 
in pain. 

By "painful" is intended sensations or symptoms that a patient subjectively 
5 describes as producing or resulting in pain. 

The terms "active agent" and "pharmacologically active agent" are used 
interchangeably herein to refer to a chemical compound that induces a desired effect, 
i.e., in this case, treatment of functional bowel disorders. The primary active agents ' 
herein are a 2 8 subunit calcium channel modulators and/or smooth muscle relaxants. 
The present invention comprises a combination therapy wherein an a 2 8 subunit 
calcium channel modulator is adnunistered with one or more smooth muscle 
modulator. Such combination therapy may be carried out by administration of the 
different active agents in a single composition, by concurrent administration of the 
different active agents in different compositions, or by sequential administration of 
the different active agents. The combination therapy may also include situations 
where the a 2 8 subunit calcium channel modulator or the smooth muscle modulator is 
already being administered to the patient, and the additional component is to be added 
to the patient's drug regimen, as well as where different individuals (e.g., physicians 
or other medical professionals) are administering the separate components of the 
combination to the patient. Included are derivatives and analogs of those compounds 
or classes of compounds specifically mentioned that also induce the desired effect. 

The term "ofc5 subunit calcium channel modulator" as used herein refers to an 
agent that is capable of interacting with the a 2 8 subunit of a calcium channel, 
including a binding event, including subtypes of the a>6 calcium channel subunit as 
disclosed in Klugbauer et al. (1999) J. Neurosci. 19: 684-691, to produce a 
physiological effect, such as opening, closing, blocking, up-regulating functional 
expression, down-regulating functional expression, or desensitization, of the channel 
Unless otherwise indicated, the term "a 2 8 subunit calcium channel modulator" is 
intended to include GABA analogs including gabapentin and pregabalin,, fused 
bicyclic or tricyclic amino acid analogs of gabapentin, amino acid compounds, and 
other compounds that interact with the 0*8 calcium channel subunit as disclosed 
further herein, as well as acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof. Further, it is understood that any salts, ' 
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esters, anodes, prodrugs, active metabolite or other derivatives are pharmaceutical* 
acceptable as well as pharmacologically active. 

The term "peptidomimetic" is „ se d in its conventional sense to refer to a 
molecule that mimics the biological activity of a peptide but is no longer peptidic in 

5 cheuneal nature, including molecules tha, lack amide bonds between amino acids as 
well as pseudo-peptides, semi-peptides and peptoids. Peptidomhnetics acoording to 
tea mventionprovide a spatial arrangement of reactive chemical moieties that closely 
resembles the three-dhnenaiona, arrangement of active groups in the peptide on which 
the pephdomnnetic is based As a result of mis similar active-site geometry the 

> peptidomimetic has effects on biological systems mat are similar to the biological 
activity of the peptide. 

* . • J?' to " smooth muscle modulator " 38 used herein refers to »y —Km* 

mat mhtb lb or blocks me contiaction of smooth muscles, including but no. Hunted to 
anumuacarinics, 03 adrenergic agonists, spasmolytics, neurokinin receptor 
antagonists, bradykinin receptor antagonists, and nitric oxide donors. Smooth muscle 
modulates can be "direcr (also known as • WulotiopiO or "induce," (a,so 
known as ■ "nemo tropic",. "Direc, smoom muscle modulates" are smooth muscle 
modulators mat act by inhibiting or blocking contractile mechanisms within smooth 
muscle, mclnding bu, no, limited to modification of me inteaction between actio and 
myostn htdnec, smooth muscle modulators- are smoom muscle modulates that act 
bymhbttmgorblocldngneurotrunsn^^^ 

muscle, moluding but not limited to blockade of presynaptic facilitation of 
acetylcholine release a, the axon of motor _ ^ fa 

muscle. 

The tern "anticholinergic agent" aa used herein refm to any acetylcholine 
receptor antagoniat, including antagmnste of nicotinic and/or muscarinic acetylcholine 
-eptora The tern "antinicotinic agen," aa used herein is intended any nicotinic 
ace.yfchohnereccp.or antagonist. Thetenn ••antimuscarinic agen," aa used herein is 
■ntended any muscarinic acetylcholine recepte antagonis,. Unless otherwise 
tndicated, me ienns "anticholinergic agem," "antinicotinic agent " and 
"antimuscarinic agen," are intended ,o include anticholinergic, antinicotinic, and 
antimuscarinic agents as disclosed Anther herein, as well as acids, salts, enantiomers 
analogs, esters, amides, prodtngs, active metabolite, and derivatives thereof. Fmtha 
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it is understood that any acids, salts, esters, amides, prodrugs, active metabolites or 
other derivatives are pharmaceutical^ acceptable as well as pharmacologically active. 

The term "03 adrenergic agonist" is used in its conventional sense to refer to a 
compound that binds to and agonizes 03 adrenergic receptors. Unless otherwise 
5 indicated, the term "03 adrenergic agonist" is intended to include 03 adrenergic 
agonist agents as disclosed further herein, as well as acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and derivatives thereof. Further, 
it is understood that any acids, salts, esters, amides, prodrugs, active metabolites or 
other derivatives are pharmaceutical^ acceptable as well as pharmacologically active/ 

The term "spasmolytic" (also known as "antispasmodic") is used in its 
conventional sense to refer to a compound that relieves or prevents muscle spasms, 
especially of smooth muscle. Unless otherwise indicated, the term "spasmolytic" is 
intended to include spasmolytic agents as disclosed further herein, as well as acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof. Further, it is understood that any salts, esters, amides, prodrugs, 
active metabolites or other derivatives are pharmaceutical^ acceptable as well as 
pharmacologically active. 

The term "neurokinin receptor antagonist" is used in its conventional sense to 
refer to a compound that binds to and antagonizes neurokinin receptors. Unless 
otherwise indicated, the term "neurokinin receptor antagonist" is intended to include 
neuroldnin receptor antagonist agents as disclosed further herein, as well as acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof. Further, it is understood that any acids, salts, esters, amides, 
prodrugs, active metabolites or other derivatives are pharmaceutical^ acceptable as 
25 well as pharmacologically active. 

The term bradykinin receptor antagonist" is used in its conventional sense to 
refer to a compound that binds to and antagonizes bradykinin receptors. Unless 
otherwise indicated, the term bradyldnin receptor antagonist" is intended to include 
bradykinin receptor antagonist agents as disclosed further herein, as well as acids, 
30 salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 

derivatives thereof. Further, it is understood that any acids, salts, esters,' amides, 
prodrugs, active metabolites or other derivatives are pharmaceutical^ acceptable as 
well as pharmacologically active. 
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The term "nitric oxide donor" is used in its conventional sense to refer to a 
compound that releases free nitric oxide when administered to a patient. Unless 
otherwise indicated, the term "nitric oxide donor" is intended to include nitric oxide 
donor agents as disclosed further herein, as well as acids, salts, enantiomers, analogs, 
5 esters, amides, prodrugs, active metabolites, and derivatives thereof. Further, it is 
understood that any acids salts, esters, amides, prodrugs, active metabolites or other 
derivatives are pharmaceutically acceptable as well as pharmacologically active. 

"Constipation" is used in its conventional sense to mean infrequent or difficult 
evacuation of feces. 

"Diarrhea" is used in its conventional sense to mean a frequent and generally 
profuse discharge of loose or fluid evacuations from the intestines without straining. 

The terms "treating" and "treatment" as used herein refer to relieving the 
symptoms or Other clinically observed sequelae for clinically diagnosed disorders as 
described herein, including functional bowel disorders, such as IBS. 

By an "effective" amount or a "therapeutically effective amount" of a drug or 
pharmacologically active agent is meant a nontoxic but sufficient amount of the drug 
or agent to provide the desired effect, i.e., relieving the symptoms associated with 
functional bowel disorders, as explained above. It is recognized that the effective 
amount of a drug or pharmacologically active agent will vary depending on the route 
of administration, the selected compound, and the species to which the drug or 
pharmacologically active agent is administered, as well as the age, weight, and sex of 
the individual to which the drug or pharmacologically active agent is administered. It 
is also recognized that one of skill in the art will determine appropriate effective 
amounts by taking into account such factors as metabolism, bioavailability, and other 
factors that affect plasma levels of a drug or pharmacologically active agent following 
administration within the unit dose ranges disclosed further herein for different routes 
of administration. 

By "pharmaceutically acceptable," such as in the recitation of a 
"pharmaceutically acceptable carrier," or a "pharmaceutically acceptable acid addition 
30 salt," is meant a material that is not biologically or otherwise undesirable, i.e., the 
material may be incorporated into a pharmaceutical composition administered to a 
patient without causing any undesirable biological effects or interacting in a 
deleterious manner with any of the other components of the composition in which it is 
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contained. "Phannacologically active- (or simply "active") as in a 
^hanua^logically active" derivative or metabolite, refers to a derivative or 

When me term pharmaceutical* accept" is useti ,o refer to a derivative (e g a 
sah or an analog) of an active agen, i, is to be mderstood ttat ^ 
Phannacolog.cally active as wen, i.e., therapeutically effective for treating functional 
bowel disorders as defined herein. gmncnonal 

d«nand dosmg or administration is mean, me administration of a single dose ofl 

of me pamfiti ^and non-pamfid symptoms of a mnctional bowel disorfer, paLI.7 
^nonnalandspmalcordinjnredpatients.womdbedcsirable. AdmL sJ2 

mmu.es abont 20 minutes, about 30 minutes, about , hour, about 2 bom, 
bourn, about 4 bourn, about 5 hotua, aboul 6 hours, about 7 bourn, aboul 8 hoi 

By ''^ri-tenn-ismtendedanyperiodoftimeuptoandmcludingaboutS 

!z;r ,7 ^' abottt6hom '*° u,5w -^ 4h ----3tr 

By "rapid-offsef • is uneuoeo my ^ of ^ 
hou,abou t 7hours,abou, 6 hou r s,abou t 5bours,abou t 4bou,, a bout3hot 

release" fm-mnW- , , Mediate, i.e., with a "controlled 

elease formulation, oral administration does not result in immediate release of the 
drug mto an absorption pool Thet™™^ a- 

release" as defin Z I unchangeably with "non-immediate 

(Philadelphia, Pa.: Lippmcott Williams & Wilkins, 2000). 
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The "absoiption pool" represents a solution of the drug administered at a 
particular absorption site, and k r , k a , and ke are first-order rate constants for: 1) release 
of the drug from the formulation; 2) absorption; and 3) elimination, respectively. For 
immediate release dosage forms, the rate constant for drug release k r is far greater 
5 than the absorption rate constant k a . For controlled release formulations, the opposite 
is true, i.e., k r «< ka, such that the rate of release of drug from the dosage form is the 
rate-limiting step in the delivery of the drug to the target area. The term "controlled 
release" as used herein includes any nonimmediate release formulation, including but 
not limited to sustained release, delayed release and pulsatile release formulations. 

The term "sustained release" is used in its conventional sense to refer to a drug 
formulation that provides for gradual release of a drug over an extended period of 
time, and that preferably, although not necessarily, results in substantially constant 
blood levels of a drug over an extended time period such as up to about 72 hours, 
about 66 hours, about 60 hours, about 54 hours, about 48 hours, about 42 hours, about 
36 hours, about 30 hours, about 24 hours, about 18 hours, about 12 hours, about 10 
hours, about 8 hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, 
about 3 hours, about 2 hours, or about 1 hour after drug administration. 

The term "delayed release" is used in its conventional sense to refer to a drug 
formulation that provides for an initial release of the drug after some delay following 
drug administration and that preferably, although not necessarily, includes a delay of 
up to about 10 minutes, about 20 minutes, about 30 minutes, about 1 hour, about 2 
hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, 
about 8 hours, about 9 hours, about 10 hours, about 11 hours, or about 12 hours. 

The term "pulsatile release" is used in its conventional sense to refer to a drug 
formulation that provides release of the drug in such a way as to produce pulsed 
plasma profiles of the drug after drug administration. The term "immediate release" 
is used in its conventional sense to refer to a drug formulation that provides for 
release of the drug immediately after drug administration. 

The term "immediate release" is used in its conventional sense to refer to a 
drug formulation that provides for release of the drug immediately after drug 
admmistration. 

By the term "transdermal" drug delivery is meant delivery by passage of a 
drug through the skin or mucosal tissue and into the bloodstream. 

11 
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The term "topical administration" is used in its conventional sense to mean 
dehvery of a topical drug or pharmacologically active agent to the skin or mucosa 

The term "oral aaministration" is used in its conventional sense to mean 
dehvery of a drug through the mouth and ingestion through the stomach and digestive 
5 tract. 

The tern, "inhalation administration" is used in its conventional sense to mean 
dehvery of an aerosolized form of the drug hy passage throngh me nose or month 
durtng inhalation and passage of the drug through the walls of the lungs. 

The term '•intravesical administration" is used in its conventional sense to 
10 mean delivery of a drug directly into the bladder. 

By me term -parenteral" drug dehvery is mean, delivery by passage of a drug 
tnto the blood stream without firs, having to pass through the alimentary canal or 
dative tract Parents *ugdeUvery m aybe»s„bcu te ne < >„ 8; " refening « odeIiveiy 
ofadregbyad^nnish-ationundermesku, Another form of parenteral drug dehvery 
.5 is mtramusc ^/•referrmgtodeUveryofadrugbyadnnnis.rationintomusc.e 
ttssue. Another form of parenteral drug dehvery is "intradermal," referring to 
dehvery of a drug by adminishahon into the skm An additional form of paxenreral 
drug delivery is • Wenous," referring to delivery of a drug by adminishnuon into a 
vetn. Anadmnonalformofparenteraldrngdehveryis-Wareenal-referringm 
0 dehveryofadrugbyadnnnlshntioninmanartery. Another form of parenteral drug 
dehvery rs • Wderma, - refening to dehvery of a drug by passage of me drug 
through the skin and into the bloodaream. Another form of parentera! drug dehvery 
ts tnhathecal," referring ,o dehvery of a drug directly into the into the hrtrameca, 
space (where fluid flows around the spinal cord). 
• Still anoth CT form of parenteral drug dehvery is "transmural," referring ,o 

admunstrauon of a drug to the mucosa! surfac* of an individual so that the drug 
passes through the mucosal tissue and into the individual's blood stream ° 
Transmural drug delivery may be "bucca." or "tansbuccal," referring to delivery of 
a drug by passage through an individual buccal mucosa and into the bloodstream 
Another form of transmural drug dehvery herein is "Ungual" drug delivery, which 
refers to dehvery of a drug by passage of a drug through an individual's Ungual 
mucosa and into the Moodstream. Anomer fo m of transmural drug delivery herein 
ts subungual • drug delivery, which refem to dehvery of a drugbypassage of a drug 
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through an individual's sublingual mucosa and into the bloodstream. Another form of 
transmucosal drug delivery is "nasal" or "intranasal" drug delivery, referring to 
delivery of a drug through an individual's nasal mucosa and into the bloodstream. An 
additional form of transmucosal drug delivery herein is "rectal" or "transrectal" drug 
5 delivery, referring to delivery of a drug by passage of a drug through an individual's 
rectal mucosa and into the bloodstream. Another form of transmucosal drug delivery 
is ''urethral" or "transurethral" delivery, referring to delivery of the drug into the 
urethra such that the drug contacts and passes through the wall of the urethra. An 
additional form of transmucosal drug delivery is "vaginal" or "transvaginal" delivery, 

10 referring to delivery of a drug by passage of a drug through an individual's vaginal 
mucosa and into the bloodstream. An additional form of transmucosal drug delivery 
is "perivaginal" delivery, referring to delivery of a drug through the vaginolabial 
tissue into the bloodstream. 

In order to carry out the method of the invention, a selected active agent is 

15 administered to a patient suffering from a functional bowel disorder. A 

therapeutically effective amount of the active agent may be administered orally, 
intravenously, subcutaneously, transmucosally (including buccally, sublingualis 
transurethrally, and rectally), topically, transdermally, by inhalation, intravesically, 
intrathecally or using any other route of administration. 

20 

Functional Bowel Disorders 

The compositions and methods of the present invention are useful for treating 
functional bowel disorders. Functional Bowel Disorders (FBDs) are generally 
defined as collections of functional symptoms that are attributable to the mid or lower 

25 gastrointestinal tract. A FBD is diagnosed by characteristic symptoms for at least 12 
weeks during the preceding 12 months, and such symptoms include abdominal pain, 
bloating, distention, and various symptoms of disordered defecation. The FBDs are 
commonly divided into symptom specific disorders including functional diarrhea, 
functional constipation, functional abdominal bloating, Irritable Bowel Syndrome 

30 (IBS), which often encompasses symptoms present in each of the other individual 
disorders, and unspecified functional bowel disorder. Additional disorders often 
classified as FBDs include functional dyspepsia and functional abdominal pain 
syndrome. 

13 
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Irritable Bowel ^ y D( j rome 

IBS is a biopsychosocial disorder with variable symptoms wherein a 
disturbance in the interaction between intestinal motility and sensation, the brain and 
the autonomic nervous system produces the syndrome. IBS is characterized by a 
> group of symptoms where abdominal pain or discomfort is associated with a change 
m bowel pattern, such as loose stool, more frequent bowel movements, diarrhea 
and/or constipation, in the absence of demonstrable organic pathology 
As IBS presents no specific motility or structural correlates, it remains a clinically 
definedilmessdefinedbyeimertheManningorRomenCriteria. TheManning 
cntena were originally established in 1978 to distinguish IBS from organic bowel 
disease (Manning A P, Thompson W G, Heaton K W, Morris A F. Towards a positive 
diagnosis of the irritable bowel. B, Med. J. 1978; 2:653-4). The criteria are: 

1. Onset of pain associated with more frequent bowel movements 

2. Onset of pain associated with looser bowel movements 
15 3 • Pa "i relieved by defecation 

4. Visible abdominal bloating 

5. Subjective sensation of incomplete evacuation more than 25% 
of the time 

6. Mucorrhea more than 25% of the time 
The Rome H criteria for IBS include reports for at least 12 weeks in the preceding 12 
months, which need notbe consecutive, of abdominal pain or discomfort mat has two 
of three features: 

1. Relieved with defecation; and/or 

2 ' 00864 associa ^ with a change in the frequency of stools- 
25 and/or 

3. Onset associated with a change in form (appearance) of stool. 
Other symptoms, such a ? abnormal stool frequency, abnormal stool form, abnormal 
stool passage, passage of mucus, and/or bloating or feeling of abdominal distension 
cumulatively support the diagnosis of IBS. 

Subjects with IBS exhibit visceral hypersensitivity, the presence of which 
behavioral studies have shown is the most consistent abnormality in IBS For 
example, patients and controls were evaluated for their pain thresholds in response to 
progressive distension of the sigmoid colon induced by a balloon. At the same 
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volnme of distension, patients ^ ^ pafa scorM to 

Tins findtng has been educed in many stndies md ^ ^ 

barostat, a computerized distension deviee, the distension ptocedures have been 

standardized. Two concepts of viscera. h„i„vity, hyperaigesia and aUodynia 

have been uttioduced. More specificaUy, hypera.gesia refers to the sanation in which 

norma, vtscera. sensations are experienced a, iower mtralumina. volumes. White for 

It? 8 ; Pain ° r disoomfort * expMlenced at TOtomes — » y p-^-s 

no^nai nrternai sensations (see, for example, Mayer E.A. and Gebhart, G.F., Basic 

.o ^^^^ mmn , Vol9 , x A . taaMm E]sevier> 

As snch, IBS is a functional bowel disorder in which abdominal pain or 
discomfort is associated with defecation or a change in bowe, habit, before, IBS 
has elements of an intestinal motility disorder, a viscera, sanction disorder, and a 

15 I^r7T der ' ~ — ^'BShaveaphysioIogica.Uno 
physto.ogtca. mechamsm unique to IBS has been identified. In some cases fire smi e 
mechamsms fita, canae occasional abdominal discomfort in he^firy individ^ 
operate to prodnce the symptoms of IBS. The symptoms of Bs „ ^ 

pmduc, f ^titefivemlferencesmfi.emo.orreacfi^of^emtesnnaltrac.and 
mcreaaed sensrttvty to sthnnli or spontaneous contractions 
0 h, addition to fire above diagnosis took, IBS patients can be categorized 

accordmgto symptoms and severity. Chronic diatrhea which is associated with 
P "" ^ WUCh * «* - - organic canse is referred ,o as 

IBS (Hasler e, ah, ,995, ht: Textbook of Gasuoentero.ogy, 2 nd ed„ Yamada, Ed , 
> B. Lippmcott Co., Philadelphia, pp. 1832-1855). Patients exhibit diarrhea 

predomtnan. 3S if their nsnal bowel movement tenancy is more than threo times 
per day, or tf their ususa, form of stoo. is toose and no, hard, or if they frequent"!, 
■he sense of nrgency and do no. strain a, fire stoo,s. Patient exhibit cLr'atio! 

^^^^bowelmovemen.^neneyis.essfittnr^timlper 
or ,f then usual form of stool is hard and no, ,oose, or if they „ ften strain „ £ 

exhtbtting dtan-heapredominan, IBS or constipation predominant IBS can be termed 
asexhtbttingnon-specificoraltematingconstipation/diarrhealBS 
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Functional Ah^r^^ Bloating 

Functional abdominal bloating, or abdominal distention, is characterized by a 
feelmg of fullness or bloating throughout the abdomen in the absence of further 
5 symptoms associated with another functional gastrointestinal disorder. Functional 
abdonnnal bloating is often considered co-morbid with IBS, but studies indicate 
functional abdominal bloating alone occurs in about 15* of community-based 
populations, usually with a female predominance. 

Functional abdominal bloating is often absent during waking hours and 
worsens throughout the day. Diagnostic criteria include at least 12 weeks, which need 
not be consecutive, in the preceding 12 months of: (1) feeling of abdominal fullness 
bloatmg, or visible distension; and (2) insufficient criteria for a diagnosis of 
functional dyspepsia, IBS, or other functional disorder. 

15 Functional Constip ation 

Functional constipation is generally characterized by infrequent bowel 
movements, paaaage of hard stool,, difflcnlty in passing atoola, and seemingly 
nrcomplete defecation. While not wishing to be bonnd by theory, functional 
constipation nray arise from motility probiems, including a decrease in the number of 
■0 mgharnphh.de propagating contractions in tire large intestine. Diagnostic criteria 

tnclude; at .east 12 weeks, which need no, be consecutive, in the preceding 12 months 
of nvo or more on (!) shaming in greater man one-fourth of defecation, (2) hunpy or 
hard stools m greater man one-fourth of defecations; (3) sensation of incomp.ete 
evacuahon m greater man one-fourth of defecations; (4) sensation of anorectal 
obsbnetion/blockade in greater man one-fourth of deflations; manna, maneuver 
(e.g. drgrtal evacuation, support of me pelvic floor) to facilitate greater than one- 
fourth of defecations; and/or (6) less than three defecations per week. 

Functional Diarrhea 

junctional diarrhea nsuaUypresents as frequent, loose, or watery stools and a 
sub active sense of urgency, often without me presence of pain. Without wishing to 
be bound by theory, one cause of ^ fa ^ ^ ^ 

number of mgh amplitude propagating contractions, which reduce me amount of time 



10 



WO 2004/084881 PCT/US2004/008701 

food residues remain in the large intestine for water to be reabsorbed. Diagnostic 
criteria include: at least 12 weeks, which need not be consecutive, in the preceding 12 
months of: (1) liquid (mushy) or watery stool; (2) present greater than three-fourths of 
the time; and (3) no abdominal pain. 

5 

Functional Ah dominal Pain Syndroms 

Functional Abdominal Pain Syndrome (FAPS) is also known as chronic 
idiopathic abdominal pain or chronic functional abdominal pain. These terms are 
generally used to describe pain for at least six months that is poorly related to bowel 
function and is associated with some loss of daily activities. Diagnostic criteria for 
FAPS include at least six months of: (1) continuous or nearly continuous abdominal 
pain; and (2) no or only occasional relation of pain with physiological events (e.g. 
eating, defecation, menses); and (3) some loss of daily functioning; and (4) the pain is 
not feigned; and (5) insufficient criteria exists for diagnosing other functional 
1 5 gastrointestinal disorders that would explain the abdominal pain. 

Functional Dyspepsia 

Functional dyspepsia is a functional bowel disorder in which chronic or 
recurrent symptoms are centered in the upper abdomen without presence of other 

20 known disease, such as infection, inflammation, or ulcer. Symptoms include pain and 
discomfort, which is meant to represent other symptoms, such as early satiety, nausea, 
vomiting, or bloating. There are two primary motor dysfunctions that can be 
described in relation to functional dyspepsia. First, more than 30% of adults with 
functional dyspepsia (or non-ulcer dyspepsia) have impaired gastric emptying. 

25 Second, impaired gastric accommodation is also frequent. 

Peripheral vs. Ontral Effects 

The mammalian nervous system comprises a central nervous system (CNS, 
comprising the brain and spinal cord) and a peripheral nervous system (PNS, 
30 comprising sympathetic, parasympathetic, sensory, motor, and enteric neurons outside 
of the brain and spinal cord). Where an active agent according to the present 
invention is intended to act centrally (i.e., exert its effects via action on neurons in the 
CNS), the active agent must either be administered directly into the CNS or be 
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capable of bypassing or crossing the blood-brain 1™ ™_ , 

^stances preS en« in fce blood , pJaTZ, *" " * 

wuu, preventing their passage into the TM^ tv.~ • 

CNSiand^scantvniW^ • ^blood-brain barrier regions of the 

tu~ui ji . "icir rates ot entry are very low. 

formulations suitable for uotak^ m * , n 01 

o^cry neuron,. ^ traDSI ' 0rt <* — a g en, by 

15 Them ^ M ™ 0np ^^ f «^s to nondiree ayi n tottl eCN Si ,, h 

J 14 330 (1986) and U.S. Pat. No. 4,801 575 
or directly on target tissues^™ u„ . ^ ^ 61ther on ne ^s in the PNS 

drug, winch decreases its lipid solubiUty and makes it 
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antimuacanmc tog methseopaiamine b ro mid, ha, periphery! eff Jl tt 

^sr^r*--^ ----- 

Diooa brain barner. Such modifications are h v ™ ™ 
which active aeent, nf + k • ncanons *>y no means the only way in 

active agents of the present invention may be modified tnh ■ 
the blood-brain barrier- otw „ , modified to be impermeable to 
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» channel m odulato ra , inemding GABA analo 7 CalCiUm 

antimuscarinics, (33 adrenergic agonists soasmo^ * 

s ^ agumsts, spasmolytics, neurokinin rermtnr 
antagomsts, bradykinin receptor antagonists and nitri , 
elsewhere herein. ^ ^ d ° n0rs > 38 des <*ibed 

Voltage gated calcium channels alsol™™, 
caleinm into ftom « e^n^ „ 8 Wluch ""MM 

changes in a, 5tIucture "!? . 8 ^ * "'^So-a! 

mediated teough theae caieinm ehanne" e^ y ^ ^ °* 

^-»c n a S ep il ep sy ,^^ e ^^rr KriOUShUmm 
dementia, Cher oiaasee of dementia, KoraZ-^ ' 

™. mfeetion of a. brain or spinai ^ h^ * ' 

P aicora^g., human immunodeficiency viruses, 
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etc.), amyotrophic lateral sclerosis, convulsions, seizures, Huntington's disease 
amnesia, or damage to the nervous system resulting from reduced oxygen supply, 
poison, or other toxic substances (See, e.g., U.S. Pat. No. 5,312,928). 
Voltage gated calcium channels have been classified by their 
5 electrophysiological and pharmacological properties as T, L, N, P and Q types (for 
reviews see McCleskey e , (1991) Curr. Topics Membr. 39:295-326; and Dunlap et 
al. (1995) Trends. Neurosci. 18:89-98). Because there is some overlap in the 
biophysical properties of the high voltage-activated channels, pharmacological 
profiles are useful to further distinguish them. L-type channels are sensitive to 
dihydropyridine agonists and antagonists. N-type channels are blocked by the 
peptides co-conotoxin GVIA and c-conotoxin MVHA, peptide toxins from the cone 
shell mollusks, Conus geographus and Conns magus, respectively. P-type channels 
are blocked by the peptide c-agatoxin IVA from the venom of the funnel web spider 
Agelenopsis aperta, although some studies have suggested that c-agatoxin IVA also ' 
blocks N-type channels (Sidach at al. (2000) /. Neurosci. 20: 7174-82). A fourth type 
of high voltage-activated calcium channel (Q-type) has been described, although 
whether the Q- and P-type channels are distinct molecular entities is controversial 
(Sather et a/.(1995) Neuron 1 1:291-303; Stea et al. (1994) Proa. Natl. Acad. Sci. USA 
91:10576-10580; Bourinet et al. (1999) Nature Neuroscience 2:407-415). 

Voltage gated calcium channels are primarily defined by the combination of 
afferent subunits: a u a 2 , 3, % and 6 (see Caterall (2000) Annu. Rev. Cell. Dev. Biol. 
16:521-55). Ten types of a, subunits, four complexes, four B subunits, and two y 
subumts are known (see Caterall, Annu. Rev. Cell. Dev. Biol., supra; see also 
Klugbauer et al. (1999) J. Neurosci.19: 684-691). 

Based upon the combination of different subunits, calcium channels may be 
divided mto three structurally and functionally related families: Ca v l, Ca v 2, and Ca 3 
(for reviews, see Caterall, Annu. Rev. Cell. Dev. Biol., supra; Ertel et al. (2000) 
Neuron 25: 533-55). L-type currents are mediated by a Ca v l family of a> subunits 
(see Caterall, Annu. Rev. Cell. Dev. Biol., supra). Ca v 2 channels form a distinct 
family with less than 40% amino acid sequence identity with Ca v i ai subunits (see 
Caterall, Annu. Rev. Cell. Dev. Biol., supra). Cloned Ca v 2.1 subunits conduct P- or 
Q-type currents that are inhibited by co-agatoxin IVA (see Caterall, Annu. Rev Cell. 
Dev. Biol., supra; Sather etal. (1993) Neuron 11: 291-303; Stea et al. (1994) Proc. 
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M* Acai. SC. USA 91: ,0576-80; Bourmet era,. (2999)^ Neurosd 2- 407 15, 
Ca.2.2 sub^ conduct N-type calcium currents ^ have . ^ fc J ' 

GVU, m -cono,oxin MVDA, and synthetic versions of ^ 

389 95). Cloned Ca v 2.3 auburn* conduct a calcium cutrent known aa R-type and ate 
spec.ncforN-^orP/Q.^ecuncn.CaeaCatetuU,^^. Ce U .Z Biol 
260. 1133-36, Zhange 2(2 ,. (1993)Afe«« !p to m(I «,fe 0 ,32 : 1075-88) 
from o TTT**** (GABA) ^ " ** - «ved 

^ methodoIogies ^ to ^ tfM h ^ y 

GABA analogs include gabapentin and progabalin 

Gabapentin (Heurontui or Kamin01nethyl) cy c loh e Ximeacenc 
anhconvursan. drug with . high biading fcr 

and .a presented by the Mowing structure: ' 

NH 2 C0 2 H 




Gabapentin is one of a series of compounds of formula: 

H2N-CH 2 ^G-CH 2 -COOR, 
(CH2)„ 

m which R, is hydrogen or a lower aUcy, radical and n is 4, 5, or 6. Although 
gabapentin was ongmaHy developed aa a GABA-mimetic compound to treaT 
spasticity, gabapentin has no direct GABAenm- ai*t 2J 
uptake or m -fK ■• „ GABAergic acuon and does not block GABA 

u^eormetabohsm. (For review, see Rose e, <,,. (2002)^^57-45.-462) 

been found, however, to be an effecdve treatment for me pl^L 
of partial seizures in patients who are refractorv to «a 

/(~\* j . , rerractory to other anticonvulsant agents 
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in Epilepsy, Churchill Livingstone, New York, pp. 21 1-222). Gabapentin and the 
related drug pregabalin may interact with the G&5 subunit of calcium channels (Gee et 
al. (1996) J. Biol. Chem. 271 : 5768-5776). 

In addition to its known anticonvulsant effects, gabapentin has been shown to 
5 block the tonic phase of nociception induced by formalin and carrageenan, and exerts 
an inhibitory effect in neuropathic pain models of mechanical hyperalgesia and 
mechanical/thermal allodynia (Rose et al. (2002) Analgesia 57: 451-462). Double- 
blind, placebo-controlled trials have indicated that gabapentin is an effective 
treatment for painful symptoms associated with diabetic peripheral neuropathy, post- 
10 herpetic neuralgia, and neuropathic pain (see, e.g., Backonja et al. (1998) JAMA 
280:1831-1836; Mellegers et al. (2001) Clin. J. Pain 17:284-95). 

Pregabalin, (S)-(3-aminomethyl)-5-methylhexanoic acid or (S)-isobutyl 
GABA, is another GABA analog whose use as an anticonvulsant has been explored 
(Bryansk a/. (1998)/.^. Chem. 41:1838-1845). Pregabalin has been shown to 
15 possess even higher binding affinity for the <x 2 8 subunit of calcium channels than 
gabapentin (Bryans etal. (1999) Med. Res. Rev. 19:149-177). 

Exemplary GABA analogs and fused bicyclic or tricyclic amino acid analogs 
of gabapentin that are useful in the present invention include: 

L Gabapentin or salts, enantiomers, analogs, esters, amides, prodrugs, 
20 active metabolites, or derivatives thereof; 

Pregabalin or salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, or derivatives thereof; 

GABA analogs according to the following structure as described in 
U.S. Pat. No. 4,024,175, or salts, enantiomers, analogs, esters, amides, 
25 prodrugs, active metabolites, or derivatives thereof, 

H^-CH^^CHa-COOR., 
(CH2) n 

wherein Ri is hydrogen or a lower alkyl radical and n is 4, 5, or 6; 
4. GABA analogs according to the following structure as described in 

US ' Pat No - 5 > 56 3>175, or salts, enantiomers, analogs, esters, amides, 
30 prodrugs, active metabolites, or derivatives thereof, 



2. 



3. 
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H 2 NCH- 



CH 2 COOH 



5. 



wherein R, is a straight or branched alkyl group having from 1 to 6 
carbon atoms, phenyl, or cycloalkyl having from 3 to 6 carbon atoms- 
R 2 is hydrogen or methyl; and R 3 is hydrogen, methyl or carboxyl- 
Substituted amino acids according to the following structures as ' 
described in U.S. Patent No. 6,316,638, or salts, enantiomers, analogs 
esters, anndes, prodrugs, active metabolites, or derivatives thereof 



10 



HN (CH 2 ), 



R io-Ri \ 




C0 2 H 



(CH 2 ) n 




CQ 2 H 



H0 2 C 



NH 

(CH 2 ) q 



R 8 -R 




(CH 2 ) r 
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,or 



24 



WO 2004/084881 „ 

PCTYUS2004/008701 

HN (CH 2 ) n 

-CQ 2 H 



6. 



7. 



8. 




wherein R, to R 10 are each independently selected from hydrogen or a 
straight or branched alkyl of from 1 to 6 carbons, benzyl, or phenyl- m 
is an integer of from 0 to 3; n is an integer from 1 to 2; o is an integer 

from0to3;p is an integer fromlto2;qis an integer from0to2ris 
an mteger from 1 to 2; s is an integer from 1 to 3; t is an integer from 0 
to 2; and u is an integer from 0 to 1; 

GABA analogs as disclosed in PCT Publication No. WO 93/23383 or 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, or derivatives thereof; 

GABA analogs as disclosed in Bryans et al. (1998) J. Med Chem 
41:1838-1845 or salts, enantiomers, analogs, esters, amides, prodrugs 
active metabolites, or derivatives thereof; 

GABA analogs as disclosed in Bryans et al. (1999) Med. Res Rev 

19:149-177 or salts, enantiomers, analogs, esters, amides, prodrugs 

active metabolites, or derivatives thereof; 

Amino acid compounds according to the following structure as 

described in U.S. Application No. 20020111338, or salts, enantiomers 

analogs, esters, amides, prodrugs, active metabolites, or derivatives 

thereof; 
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X i\f 
wherein R, and R 2 are independently hydrogen or hydroxy; X 
is selected from the group consisting of hydroxy and Q 2 - G - 
where: 

G is -O-, -C(0)0- or -NH-; 

Q x is a group derived from a linear oligopeptide 

comprising a first moiety D and further comprising 
from 1 to 3 amino acids, and wherein said group is 
cleavable from the amino acid compound under 
physiological conditions; 
D is a GABA analog moiety; 
Z is selected from the group consisting of: 

CO a substituted alkyl group containing a moiety 
which is negatively charged at physiological 
pH, which moiety is selected from the group 
consisting of -COOH, -S0 3 H, -S0 2 H, 
-P(0)(OR 16 )(OH), -OP(0)(OR I6 )(OH), - 
OS0 3 H and the like, and where R 16 is selected 
from the group consisting of alkyl, substituted 
alkyl, aryl and substituted aryl; and 
(ii) a group of the formula -M-Q x ', wherein M is 
selected from the group consisting of 
-CH 2 OC(0)- and -CH 2 CH 2 C(0>, and wherein 
Q x is a group derived from a linear 
oligopeptide comprising a first moiety D' and 
26 
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further comprising from 1 to 3 amino acids, 
and wherein said group is cleavable under ' 
physiological conditions; D' is a GABA analog 
moiety; or a pharmaceutical^ acceptable salt 
thereof; provided that when X is hydroxy, then 
2 is a group of formula -M-Q x ; 
Cyclic amino acid compounds as disclosed in PCT Publication No 
WO 99/08670 or salts, enantiomers, analogs, ester,, amides, prodrugs 
active metabolites, or derivatives thereof; 

Cyclic ammo adds according to the following slInotures 
in 

PCT Publication No. WG99/21824, or salts, enantiomers, analogs 
esters, amxdes, prodrugs, active metabolites, or derivatives thereof 
H 2 N C0 2 R 



10. 



11. 




or 



R12 Rn 

wherein R is hydrogen or a lower alkyl; R, to R 14 are each 
ntdependently selected from hydrogen, sfraigh. or bnmched alkyl of 
from 1 to 6 carbons, phenyl, benzyl, fl„ orine , chloitoe> 
hydroxy, hydrexymethyl, amino, aminomemyl, triflnoremethyl - 
C0 2 H.-C0 2 R 1J ,CH S CC« I ,.CHC0 2 R, 3 , -OR 15 wherein R, 5 ia a sfraigh. 
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12. 



or branched alkyl of from 1 to 6 carbons, phenyl, or benzyl, and Rl to 
Rs are not simultaneously hydrogen; 

Bicychc amino acids according to the following structures as disclosed 
in published U.S. Patent Application Serial No. 60/160725, including 
those disclosed as having high activity as measured in a radioligand 
binding assay using [3H]gabapentin and the o&S subunit derived from 
porcine brain tissue, or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives thereof, 



H 2 N CO a H 




H 2 N C0 2 H H2 V ?°2 H 



H 2 N C0 2 H 





IV 




and 




H0 2 C 



, or 




13. 



Bicyclic amino acid analogs according to the following structures as 
disclosed in UK Patent Application GB 2 374 595 and acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active metabolites,' and 
derivatives thereof. 
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H 2 OC 



RV/y 




,*\\R2 R1//„ 




H 20C NH 2 H 2 OC 



H 2 OC 



(Xm) 



(XIV) 




H0 2 C. 



(XVEJ) 



(xdq 



H0 2 C, 




H0 2 C. 



POO) 



(XXII) 





R1> " S '^R2 R1 R 2 ri R2 





(XV) 



H0 2 C, 




(XVI) 



(xvn) 



H 2 N 



\ 



to 



(XX) 



(XXI) 




H 2 N. 



H 2 N. 



\ 



(xxni) 



(XXIV) 



0 



to the «^ , ta "» »— «—*» -.ude any expound a,, binds 
toft.*, anbunn of a caiciun, channei. GABA anaiogs which disp,a y binding 
afihnty to ft. ^ subunit of calcjlm ^ ^ ^ ^ ^ * 

present m venhon inclnde, without limitation, cis-(lS,3R)-( 1<!minomsthyl ^ 
methyIcyclohexane)acetic acid, ciK1^3SM K an,inomethyl>3- 
methylcyclohexane)acc„cacid, H3c,5^1-aminomethylH3 5- 

~* -d C7-(an U n 0m e t hy,)Wcyclo[ 2 .2.1 ] hep..7.yl) a c« i c acid (Bryana « al (1998) y 
« 41:1838-1845; Bry ana - * (1999) Med Ses , ^ 

a, no h^, 0 ^ described fa us ^ No ^ • 

6 38 8 7 « p 6>294 - 533 ' ^ PateDt N °- WI ^ US «« No. 

6,387,8,7, US Patent No. 6,310,059, US Paten, No. 6,25,4,533, US Patent No 
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6.267,945, PCT Publication No. WOOl/49670 Prro „ 
andPrTP,.M- i „, U "* W0 - p CTPubhcabonNo.WO01/46166, 

mdPCTP >"'l.catio n No.W00 1 /45709.T h e i d e ntiticationofw 1 tichofthc S e 

T -^oti,~r^— 

a^stimiesasdesctibedb, O-*-^ a^^O-.^ 

0 ^nnoro, composition and formations e ncompassing GABA 

and cyclic antino acid analogs of gabapentin and ma, would be 2^1 
invention include compositions disposed fa PCT Pnbr 7 „ 

Paten. No. 6,342 529 control , °' W ° " /08670 ' U S ' 

controlled release fonnulations as disclosed ,„tiq a ,■ • 
No. 200201 19197 and U.S. Patent No 5 955 ,0, a , disclosed in U.S. Application 

' -d fonnulations aa disclosed fa PCTPuW « 

No. WO 02*888. Per m ^ ^ W ° 02/2841 »• PCT Nation 

w w u^s«8 1 , PCT Publication No. WO 02/2888^ P<-r t> u, • - 
02/32376 PPT p„ki- *■ . T ^8883, PCT Pubhcation No. WO 

w^/jzo /o, PCT Publication No. WO 02/424 14 tic a 1 • ■ 
tt 0 a ,. „. . /42414 ' U ' S - A PPhcation No. 20020107208 

US. ApphcationNo. 20020,5,529, and U.S. Application No. 20020098999 

locomotion, digestion, cardiac rate, "fight or fflrtt- ~ 

--<-- (F eb.2ooo )A ;e,r;:t;~cr: 8 " 

London: Nafare Publisbfag Group, h«p:/www els net, Z T , ' 

inorng; (See, e.g., Salvaterra, Acetylcholine, supra) 
electropbysiological properties. Forexamole „,w • 

varies of subuni.s ma, are used to idZ^ 7n ^ " """^ "*> 
nicotinic acetylcholine receptor, 2 ™ 0 ™* 

no, bind me sni*e venom ^^17 T"**" ~ - "° 

ungarotoxin, and 3) neuronal nicotinic acetylcholine 
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receptors that do bind the snake venom a-bungarotoxin (Dani et al. (July 1999) 
Nicotinic Acetylcholine Receptors in Neurons. ^Encyclopedia of Life Sciences 
London: Nature Publishing Group, http:Zwww.els.net; Lindstrom (October 2001) 
Nicotinic Acetylcholine Receptors. In Encyclopedia of Life Sciences. London- Nature 
Publishing Group, http:Zwww.els.net). By contrast, muscarinic receptors may be 
divided into five subclasses, labeled M,-M 5 , and preferentially couple with specific 
G-protems (Mi, M 3 , and M 5 with G q ; M 2 and M4 with Gj/G Q ) (Nathanson (July 1999) 
MuscarinicAcetylcholineReceptors. In Encyclopedia ofLife Sciences. London- 
Nature Publishing Group, http:Zwww.els.net). In general, muscarinic receptors have 
been nnphcated in bladder function (See, e.g., Appell (2002) Cleve. Clin. J. Med 69- 
761-9; Dioufet al. (2002) Bioorg. Med. Chem. Lett. 12: 2535-9; Crandall (2001) J. 
Womens Health Gend. Based Med. 10: 735-43; Chappie (2000) Urology 55- 33-46) 

Other agents useful in the present invention include any anticholinergic agent 
specifically, any antimuscarinic agent. Particularly useful in the methods of the 
present invention is oxybutynin, also known as 4-diemylaniinio-2-butvnyl 
phenylcyclohexyglycolate. It has the following structure: 




Ditropan® (oxybutynin chloride) is the d,l racemic mixture of the above 
compound, which is known to exert antispasmodic effect on smooth muscle and 
20 inhibit the muscarinic action of acetylcholine on smooth muscle. Metabolites and 
isomers of oxybutynin have also been shown to have activity useful according to the 
present invention. Examples include, but are not limited to N-desemyl-oxybutynin 
and S-oxybutynin (see, e.g., US Patent Nos. 5,736,577 and 5,532,278) 

Additional compounds that have been identified as antimuscarinic agents and 
25 are useful in the present invention include, but are not limited to: 

a. Darifenacin (Daryon®) or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 
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>• Solifenacin or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

YM-905 (solifenacin succinate) or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

Solifenacin monohydrochloride or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

Tolterodine (Detroit or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

Propiverine (Detrunorm®) or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

Propantheline bromide (Pro-Banthine®) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active' 

metabolites, and derivatives thereof; 

Hyoscyamine sulfate (Levsin®, Cystospaz®) or acids, salts 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

Dicyclomine hydrochloride (Bentyl®) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

Flavoxate hydrochloride (Urispas®) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

d,l (racemic) 4- diethylamino-2-butynyl 

phenylcyclohexylglycolate or acids, salts, enantiomers 

analogs, esters, amides, prodrugs, active metabolites, and 

derivatives thereof; 

(R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl).3- 
Phenylpropanamine L-hydrogen tartrate or acids, salts, 
33 
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enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
(+)-(lS,3'R)-quinuclidin-3'-yl 1 -phenyl- 1,2,3,4- 
tetrahydroisoquinoline-2-carboxylate monosuccinate or 
acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; 

alpha(+)-4-(Dimemylanuno)-3-methyl-l,2-diphenyl-2- 
butanol proprionate or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

l-methyl-4-piperidyl diphenylpropoxyacetate or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
3a-hydroxyspiro[la H,5a H-nortropane-S^'-pyrxohdinium 
benzilate or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives' 
thereof; 

4 amino-piperidine containing compounds as disclosed in 
Diouf etal. (2002) Bioorg. Med. Chem. Lett. 12: 2535-9; 
Pirenzipine or acids, salts, enantiomers, analogs, esters, ' 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

methocf amine or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

4-diphenylacetoxy-N-methyl piperidine methiodide; 
tropicamide or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

(2R)-N-[l-(6-ammopyridm-2-ylmemyl)piperidm-4-yl]^ 
[(lR)-3,3-difluorocyclopentyl]-2-hydroxy-2- 
phenylacetamide or acids, salts, enantiomers, analogs, 
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esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

w. PNU-200577 ((R)-N, N-diisopropyl-3-(2-hydroxy-5- 
hydroxvmemylphenyl)^-phenylpropanamine) or acids, 
5 salts > enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

x. KRP-197 (4-(2-methylimidazolyl)-2,2-diphenylbutyramide) 
or acids, salts, enantiomers, analogs, esters, amides, 
prodrugs, active metabolites, and derivatives thereof; 
y Fesoterodine or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; and 

z. SPM 7605 (the active metabolite of Fesoterodine), or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
15 metabolites, and derivatives thereof. 

The identification of further compounds that have antimuscarinic activity and 
would therefore be useful in the present invention can be determined by performing 
muscarinic receptor binding specificity studies as described by Nilvebrant (2002) 
Pharmacol. Toxicol. 90: 260-7 or cystometry studies as described by Modiri et al. 
20 (2002) Urology 59: 963-8. 

Adrenergic receptors are cell-surface receptors for two major catecholamine 
hormones and neurotransmitters: noradrenaline and adrenaline. (Malbon et al. (Feb. 
2000) Adrenergic Receptors. In Encyclopedia of Life Sciences. London: Nature 
Publishing Group, http:/www.els.net). Adrenergic receptors have been implicated in 
critical physiological processes, including blood pressure control, myocardial and 
smooth muscle contractility, pulmonary function, metabolism, and central nervous 
system activity (See, e.g., Malbon et al, Adrenergic Receptors, supra). Two classes 
of adrenergic receptors have been identified, a and 0, that may be further subdivided 
into three major families {al, a2, and 0), each with at least three subtypes (al A, B, 
aud, D; ofcA, B, and C; and 01, 02, and 03) based upon their binding characteristics to 
different agonists and molecular cloning techniques. (See, e.g., Malbon et al., 
Adrenergic Receptors, supra). It has been shown that 03 adrenergic receptors' are 
expressed in the detrusor muscle, and that the detrusor muscle relaxes with a 03- 
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agonist (Takeda,M. e,al (1999) J.Phannacol.Etp.Ther. 288: ,367-1373) and in 
general, * adrenergic receptors have been inrpBcated in Madder innction (Sec e g 

Pharmacol. Exp. Ther. 293: 939-45. 

agen Compounds that have heen identified as B3 adrenergic agonist agents and are 
useful in the present invention include, but are not limited to: 

a- TT-138 andphenyle&anolamine compounds as disclosed in 
US Patent No. 6,069,176, PCT Publication No. WO 
97/15549 and available from Mitsubishi Pharma Corp or 
acids, salts, esters, amides, prodrugs, active metabolites, 
and other derivatives thereof; 
b. FR-149174 and propanolamine derivatives as disclosed in 
US Patent Nos. 6,495,546 and 6,391,915 and available from 
Fu J1S awa Pharmaceutical Co., or acids, salts, esters, amides 
prodrugs, active metabolites, and other derivatives thereof 
c KUC-7483, available from Kissei Pharmaceutical Co. or ' 
acids, salts, esters, amides, prodrugs, active metabolite's, 
and other derivatives thereof, 
d. 4>-hydroxynorephedrine derivatives such as 2- 2-chloro-4- 
(2-((lS,2R)-2-hydro X y-2-(4.hydroxyphenyl)-l- 
methylemylamino)ethyl)phenoxy acetic acid as disclosed in 
Tanaka et al. (2003) J. Med. Chem. 46: 105-12 or acids 
salts, esters, amides, prodrugs, active metabolites, and o'ther 
derivatives thereof; 

e- 2-amino-l-phenylethanol compounds, such as BRL35135 
((R*R*)-(. + -. H4 - [2 -[2-(3-chlorophenyl)-2- 
ydroxyemylamino]propyl]phenox yjacetic acid methyl ester 
hydrobromide salt as disclosed in Japanese Patent 
Publication No. 26744 of 1988 and European Patent 
Publication No. 23385), and SR5861 1 A ((RS)-N-(7- 



" ia^;-jn-(v- 

ethoxycarbonylmethoxy-l,2,3,4-tetrahydronaphth-2-yl)-2- 
(3-chlor ophenyl)-2-hydroxyemanamine hydrochloride as 
36 
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disclosed in Japanese Laid-open Patent Publication No. 
66152 of 1989 and European Laid-open Patent Publication 
No. 255415) or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
GS 332 (Sodium (2R)-[3-[3-[2-(3 Chlorophenyl)-2- 
hydroxyemylamino]cyclohexyl]phenoxy]acetate)as 
disclosed in Jizuka et al. (1998) J. Smooth Muscle Res. 34: 
139-49 or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
BRL-37,344 (4-[-[(2-hydroxy-(3-chlorophenyl) elhyl)- 
amino]propyl]phenoxyacetate) as disclosed in Tsujii etal 
(1998) Physiol Behav. 63: 723-8 and available from 
GlaxoSmithKline or acids, salts, esters, amides, prodrugs, 
active metabolites, and other derivatives thereof; 
BRL-26830A as disclosed in Takahashi et al. (1992) J pn 
Ore. J. 56: 936-42 and available from GlaxoSmithKline or 
acids, salts, esters, amides, prodrugs, active metabolites, 
and other derivatives thereof; 
CGP 12177 (4-[3-t-butylamino-2- 

hydroxypropoxy]benzimidazol-2- one) (a 01/02 adrenergic 
antagonist reported to act as an agonist for the 03 
adrenergic receptor) as described in Tavemier et al. (1992) 
J. Pharmacol. Exp. Ther. 263: 1083-90 and available from 
Ciba-Geigy or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
CL 316243 (R^-5-[2-[[2-(3-chlorophenyl)-2- 

hydroxyethyl]amino]propyl]-l,3-benzodioxole-2,2- 
dicarboxylate) as disclosed in Berlan et al. (1994) J. 
Pharmacol. Exp. Ther. 268: 1444-51 or acids, salts, esters, 
amides, prodrugs, active metabolites, and other derivatives 
thereof; 

Compounds having p3 adrenergic agonist activity as 
disclosed in US Patent Application 20030018061 or acids, 
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salts, esters, amides, prodrugs, active metabolites, and other 
derivatives thereof; 
1. ICI 215,001 HC1 ((5)-4-[2-Hydroxy-3- 

phenoxypropylaniinoethoxyjphenoxyacetic acid 
5 hydrochloride) as disclosed in Howe (1993) Drugs Future 

18: 529 and available from AstraZeneca/ICI Labs or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
m - 20 71 14 HCl (ICI D71 14; (^-4-[2-Hydroxy-3- 
lU P hCT °xypropylaminoethoxy]-i\r-(2- 

methoxyethyl)phenoxyacetamide HC1) as disclosed in 
Howe (1993) Drugs Future 18: 529 and available from 
AstraZeneca/ICI Labs or acids, salts, enantiomers, analogs, 

6SterS ' P rodru g s > active metabolites, and derivatives 

13 thereof; 

n. Pindolol (l-C^-Indol^ylox^-S-Kl-methylemy^ammo]- 
2-propanol) as disclosed in Blin et al (1994) 
MolPharmacol 44: 1094 or acids, salts, enantiomers, 

anal ° gS ' 6SterS ' ""^ P^drug^ active metabolites, and 
derivatives thereof; 

o. (^-O-Pindolol ((»S)-l-(liy-indol-4-yloxy)-3-[(l. 

methylethyl)amino]-2-propanol) as disclosed in Walter et al 
W**)Naunyn-Schmied.Arch.Pharmacol. 327: 159 and 
25 KaUflnan (1989 > ^-Pharmacol 173: 121 or acids, salts, 

emmti0mers ' asters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

P. SR 59230A HC1 (l-(2-Ethylphenoxy)-3-[[(l 1 S ) -i, 2j 3,4- 
tetrahydro-l-naphmalenyl]animo]-(2^-2-propanol ' 
hydrochloride) as disclosed in Manara et al. (1995) 
Pharmacol. Comm. 6: 253 and Manara et al. (1996) Br J. 
Pharmacol. 117: 435 and available from Sanofi-Midy or 
acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; 
38 
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q. SR 5861 1 (iV[2s)7-carb-ethoxymethoxy-l,2,3,4-tetra- 

hydronaphth]-(2r)-2-hydroxy-2(3-cMorophenyl)ethamine 
hydrochloride) as disclosed in Gauthier et al. (1999) J. 
Pharmacol. Exp. Ther. 290: 687-693 and available from 
5 Sanofi Research; iand 

r. YM178 available from Yamanouchi Pharmaceutical Co. or 
acids, salts, esters, amides, prodrugs, active metabolites, 
and other derivatives thereof. 
The identification of further compounds that have p3 adrenergic agonist activity and 
would therefore be useful in the present invention can be determined by performing 
radioligand binding assays and/or contractility studies as described by Zilberfarb et al. 
(1997)/. Cell Set 110: 801-807; Tafadarf al. (1999) J. Pharmacol. Exp. Ther. 288: 
1367-1373; and Gauthier et al. (1999) J. Pharmacol. Exp. Ther. 290: 687-693. 

Spasmolytics are compounds that relieve or prevent muscle spasms, especially 
of smooth muscle. In general, spasmolytics have been implicated as having efficacy 
in the treatment of bladder disorders (See. e.g., Takeda et al. (2000) J. Pharmacol. 
Exp. Ther. 293: 939-45). 

Other agents useful in the present invention include any spasmolytic agent. 
Compounds that have been identified as spasmolytic agents and are useful in the 
20 present invention include, but are not limited to: 

a. a-a-diphenylacetic acid-4-(N-methyl-piperidyl) esters as 
disclosed in US Patent No. 5,897,875 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
25 b - Human and porcine spasmolytic polypeptides in 

glycosylated form and variants thereof as disclosed in US 
Patent No. 5,783,416 or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

30 c - Dioxazocine derivatives as disclosed in US Patent No. 

4,965,259 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 
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L Quaternary 6,1 l-dihydro-dib en2 o-[b,e]-thiepine-l 1-N- 
alkylnorscopine ethers as disclosed in US Patent No. 
4,608,377 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

Quaternary salts of dibenzo[l,4]diazepinones, pyrido- 
[l,4]behzodiazepinones, pyrido[l, ^benzodiazepines as 
disclosed in US Patent No. 4,594,190 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
Endo-8,8-dialkyl-8-azoniabicyclo (3.2.1) octane-6,7-exo- 
epoxy-3-alkyl-carboxylate salts as. disclosed in US Patent 
No. 4,558,054 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

Pancreatic spasmolytic polypeptides as disclosed in US 
Patent No. 4,370,3 17 or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

Triazinones as disclosed in US Patent No. 4,203,983 or 
acids, salts, enantiomers, analogs, esters, amides] prodrugs 
active metabolites, and derivatives thereof; 
2-(4-Biphenylyl)-N<2-diemylanHno alkyl^propionamide as 
disclosed in US Patent No. 4,185,124 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

Piperazmo-pyrimidines as disclosed in US Patent No. 

4,166,852 or acids, salts, enantiomers, analogs, esters, 

amides, prodrugs, active metabolites, and derivatives 

thereof; 

Aralkylamino carboxyhc acids as disclosed in US Patent 
No. 4,163,060 or acids, salts, enantiomers, analogs, esters, 
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amides, prodrugs, active metabolites, and derivatives 
thereof; 

1. Aralkylamino sulfones as disclosed in US Patent No. 
5 4,034,103 or acids, salts, enantiomers, analogs, esters, 

amides, prodrugs, active metabolites, and derivatives 
thereof; 

m. Smooth muscle spasmolytic agents as disclosed in US 

Patent No. 6,207,852 or acids, salts, enantiomers, analogs 

10 6SterS ' ""^ Pr0dmgS ' active metabolites, and derivatives 

thereof; and 

n. Papaverine or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof. 

5 I! 6 TT*™ ° { teher C ° mP0UndS W »d would 

5 therefore be in ^ presen , ^ ^ ^ d jLuing^Lr 

strip contractility studies as described in US Patent No 6 207 852 >J 
«/• (1991) ./ ^ ^ 2J6 . ^ 6 f 7 ' 852 ' Noronha- B1 ob « 

„, , p iner.lib. 562-567; and/or Kachur a al. 09881 y 

Pharmacol. Exp. Ther.241: 867-872. 1 " M 

T " hy ^^-^'yofs t rncn lr a Jlyr e to edpep a des fll a tinclude 
) ^oeP.neuroktoA^^^ Neurons . 

source nfTifc^+i, • , JNeurons are the major 

ourc ofTKsu.nrepenphery. An important general effect of TKs is neuronal 
—on, bu, other effects include endomelium-dependen, variational 
^extravasation, « ceU recumnen, and degranularion and snmu^T 
tuflammatory cells (See Maggi, C. A. (1991) Gen. PHannaco, 22 ,24, T . 

Subs J" p P 1116 ^ ~ 'o - NK, 

P r , T UDdeCaPeP ' ide ** " "™ ta — ' ™° — . S* tance 
P ta Imown «„ nave muluple actions ma, produce inffanunarion and pain in Ihe 

degranularion of mast cells (levme, J. D. e, a,. (.993)^ Neurosd. 13: 2273). 
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Neurokinin A is a peptide which is colocalized in sensory neurons with 
substance P and which also promotes inflammation and pain. Neurokinin A activates 
the specific neurokinin receptor referred to as NK 2 (Edmonds-Alt, S., et. al. (1992) 
Life Sci. 50: PL101). In the urinary tract, TKs are powerful spasmogens acting 
5 through only the NK 2 receptor in the human bladder, as well as the human urethra and 
ureter (Maggi, C. A. (1991) Gen. Pharmacol, 22: 1-24). 

Other agents useful in the present invention include any neurokinin receptor 
antagonist agent. Suitable neurokinin receptor antagonists for use in the present 
invention that act on the NK, receptor include, but are not limited to: l-imino-2-(2- 
10 memoxy-phenyl)-emyl)-7,7-diphenyl-4-perhydroisoindolone(3aR ,7aR) ("RP 
67580"); 2S,3S-cis-3-(2-memoxybenzylammo)-2-berizhydrylqumuclidine ("CP 
96,345"); and (aR,9R)-7-[3,5-bis(trifluoromethyl)benzyl]-8,9,10, 1 l-tetrahydro-9- 
memyl-5-(4-memylphenyl)-7H-[l,4]mazocmo[2,l-g][l,7]naphmyridine-6,13- 
dione)("TAK-637"). Suitable neurokinin receptor antagonists for use in the present 
invention that act on the NK 2 receptor include but are not limited to: ((S)-N-methyl-N- 
4-(4-acetylarnmo-4-phenylpiperidmo)-2-(3,4-mcWorophenyl)butylbenzamid 
48968"); Met-Asp-Trp-Phe-Dap-Leu ("MEN 10,627"); and cyc(Gln-Trp-Phe-Gly- 
Leu-Met) ("L 659,877"). Suitable neurokinin receptor antagonists for use in the 
present invention also include acids, salts, esters, amides, prodrugs, active 
20 metabolites, and other derivatives of any of the agents mentioned above. The 

identification of further compounds that have neurokinin receptor antagonist activity 
and would therefore be useful in the present invention can be determined by 
performing binding assay studies as described in Hopkins et al. (1991) Biochem. 
Biophys. Res. Comm. 180: 1110-1117; and Aharony et al. (1994) Mol. Pharmacol. 45: 
25 9-19. 

Bradykinin receptors generally are divided into bradykinin! (Bj) and 
bradykinin 2 (B 2 ) subtypes. Studies have shown that acute peripheral pain and 
inflammation produced by bradykinin are mediated by the B 2 subtype whereas 
bradykinin-induced pain in the setting of chronic inflammation is mediated via the B x 
30 subtype (Perkins, M. N., et. al. (1993) Pain 53: 191-97); Dray, A, et. al. (1 993) 

Trends Neurosci. 16:99-104). In general, bradykinin receptors have been implicated 
in bladder function (See, e.g., Meini et al. (2000) Eur. J. Pharmacol. 388: 177-82 and 
Belichard et al. (1999) Br. J. Pharmacol. 128: 213-9). 
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Other agents nsefu, in the present invention ineh.de any bradyMnin reeeptcr 
antagorus, agent Smtab.e bradykrnin receptor antagonists for use in the present 
tnvention that ae, on tbe B, reeeptor inchtde W are not limited to: des.arg'°HOE ,40 

bradykrnrn receptor antagonists for use in the present invention that act on tire B 2 
receptor include but are not limited to: D-Phe'-BK; D-Arg-fHyp' -TM« . Mhe A BK 

^w^mm^^s; DT,c - 

Ar g )c(7 g amma-10al P haX«MENU270^ H-DArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTie- 
• 0» -Arg-OHHcatibanO, (W**,^ Lch^-^. 

PeT m ? ^ compounds ^ — *** »« 

Per to s > M.N.,e, < ,/.,^ B ,^ ra;Drav , A ., ct 

M -^^000)^.^^.38 8:177 . 82 . S ^ len _ kto ^ 
antagontsto for use in the pres en, invention also include acids, salts, esters, anudes 

ZtTTT^ ** ^ ™~ — mentioned 
above. The identification of further compounds that have bradykinin recptor 

antagotust activity and would therefore be usetu, in the preset tnvention can be 
detenmned by perfonning binding assay studies as described in Manning e, a, (,986) 
J. Pharmacol. Exp. Ther. 237: 504 and US Patent No. 5,686 565 

^-"^^noramaybemc.udedmmepresen.inventionpar.icu.ar.yfor 
men anti-spasm activity. Nittc oxide (NO) p,ays a critical ro,e as a molecular 

medtator of many physical processes, induding vasodilation artd regujation of 
mechamsr^NOismesma^^ 

mutator of an extraordinary range of physical processes (Nathan (1994) Cell 78- 
9 5-9,8; Thomas (,997) AW^. Focus 3: ^ 3 , NQ „ ^ . ^ ™' 
phystCogtc antagonist of endothefin-,, which is tire most potent known mammafian 
™^^.^a,,ea sttot ^ ralhevaro ^ cto ~ 
(Yanaguatwa e, al (1988) Nature 332: 4, 1-4,5; Kasuya et al (1993) jr / 

h^f™^ (I991) ^~^ 28: ^-679).ThebiotZ y 
B839; Nathan (,994) Cell 78: 9,5-9,8). NO accounts entire,y for me bio.ogica, 
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effects of endothelium-derived relaxing factor (EDRF) and is an extremely potent 
vasodilator that is believed to wo* through the action of cGMP-dependent protein 
knaases to effect vasodilation (Henrys (1993) FASEB J. 7: 1124-1134- Nathan 

■ 

ai. (iyy2) Scientific American 266: 68-77). 

Within endothelial cans, an m ^ as NQ 

medta.es ^ponses m ^ smooa , musde ^ NQ . ^ 
release, by me vascular endothelium under basal conditions which inhibits 
canons and conuu,s basal coronary t0 ne and is pmduced in «he endothenum in 
response to vanous agonists (snob as acetyichohne) and othet endothelium dependent 

anen, TTjT"- **" " "**' «" «** ««* *-« 

a- Nitroglycerin or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

b. Sodium nitroprusside or acids, salts, enantiomers, analogs 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

o. FK 409 (NOR-3) or acids, salts, enantiomers, analogs, 

«ters, amides, prodmgs, active metabolites, and derivatives 
thereof; 

4 FR 144420 (NOR-4) or acids, salts, enantiomers, anajogs 
astern, amides, prodrugs, active metabolites, and derivatives 
thereof; 

e. 3-morpholinosydnonimine or acids, salts, enantiomers 

analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 
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f. Linsidomine chlorohydrate ("SIN-1") or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 

g. S-nitroso-N-acetylpenicillamine ("SNAP") or acids, salts, 
5 enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

h. AZD3582 (CINOD lead compound, available from NicOx 
S.A.) or acids, salts, enantiomers, analogs, esters, amides, 
prodrugs, active metabolites, and derivatives thereof; 

10 i. NCX 4016 (available from NicOx S.A.) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
j. NCX 701 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
1 5 metabolites, and derivatives thereof; 

k. NCX 1022 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
1. HCT 1026 (available from NicOx S.A.) or acids, salts, 
20 enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 
m. NCX 1015 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
25 n. NCX 950 (available from NicOx S.A.) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
o. NCX 1000 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
30 metabolites, and derivatives thereof; 

p. NCX 1020 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
45 
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q- AZD 4717 (available from NicOx S.A.) or acids, salts 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
NCX 1510/NCX 1512 Mailable from NicOx S.A ) or 
acids, salts, enantiomers, analogs, esters, amides, prodrugs 
actxve metabolites, and derivatives thereof; 
NCX 2216 (available fr om NicOx S.A.) or acids, salts 
enantiomers, analogs, esters, amides, prodrugs, active ' 
metabolites, and derivatives thereof; 
NCX 4040 (available from NicOx S A.) or acids, salts 
enantiomers, analogs, esters, amides, prodrugs, active ' 
metabolites, and derivatives thereof; 
Nitric oxide donors as disclosed in U.S. Patent No. 
5,155,137 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No 
5,366,997 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives ' 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No 
5,405,919 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives ' 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No 
5,650,442 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No 
5,700,830 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives ' 
thereof; 
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z- Nitric oxide donors as disclosed in U.S. Patent No 

5,632,981 or acids, salts, enantiomers, analogs, esters 
amxdes, prodrugs, active metabolites, and derivatives ' 
thereof; 

aa. Nitric oxide donors as disclosed in U.S. Patent No 

6,290,981 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives 
thereof; 



10 
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cc. 
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Nitric oxide donors as disclosed in U.S. Patent No. 
5,691,423 or acids, salts, enantiomers, analogs, esters 
amrdes, prodrugs, active metabolites, and derivatives ' 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No. 

15 5 ' 721 ' 365 ° f adds ' Salts ' enantiomers, analogs, esters 

armdes, prodrugs, active metabolites, and derivatives ' 
thereof; 

dd. Nitric oxide donors as disclosed in U.S. Patent 

No.5,714,511 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

ee. Nitric oxide donors as disclosed in U.S. Patent No 

6,511,911 or acids, salts, enantiomers, analogs, esters 
amides, prodrugs, active metabolites, and derivatives ' 
thereof; and 

ff. Nitric oxide donors as disclosed in U.S. Patent No 
5,814,666. 

The identification of further compounds that have nitric o»id,H 
^^-usefiri^epresen.invenfiJIt^rr' 
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Enantiomers and Diasteromers 

Many organic compounds exist in optically active forms, i.e., they have the 
ability to rotate the plane of plane-polarized light. In describing an optically active 
compound the prefixes R and S are used to denote the absolute configuration of the 
5 molecule about its chiral center(s). The prefixes D and L, or (+) or (-), designate the 
sign of rotation of plane-polarized light by the compound, with L or (-) meaning that 
the compound is levorotatory. In contrast, a compound prefixed with D or (+) is 
dextrorotatory. There is no correlation between nomenclature for the absolute 
stereochemistry and for the rotation of an enantiomer. Thus, D-lactic acid is the same 
10 as (-)-lactic acid, and L-lactic acid is the same as (+)-lactic acid. For a given chemical 
structure, each of a pair of enantiomers are identical except that they are non- 
superimposable mirror images of one another. A specific stereoisomer may also be 
referred to as an enantiomer, and a mixture of such isomers is often called an 
enantiomeric, or racemic, mixture. 
15 Stereochemical purity is important in the pharmaceutical field, where many of 

the most often prescribed drugs exhibit chirality. For example, the L-enantiomer of 
the beta-adrenergic blocking agent, propranolol, is known to be 100 times more potent 
than its D-enantiomer. Additionally, optical purity is important in the pharmaceutical 
drug field because certain isomers have been found to impart a deleterious effect, 
20 rather than an advantageous or inert effect. For example, it is believed that the D- 
enantiomer of thalidomide is a safe and effective sedative when prescribed for the 
control of morning sickness during pregnancy, whereas its corresponding L- 
enantiomer is believed to be a potent teratogen. 

When two chiral centers exist in one molecule, there are four possible 
25 stereoisomers: (R.R), (S,S), (R,S), and (S,R). Of these, (R,R) and (S,S) are an 

example of a pair of enantiomers (mirror images of each other), which typically share 
chemical properties and melting points just like any other enantiomeric pair. The 
mirror images of (R,R) and (S,S) are not, however, superimposable on (R,S) and 
(S,R). This relationship is called diastereoisomeric, and the (S,S) molecule is a 
30 diastereoisomer of the (R,S) molecule, whereas the (RR) molecule is a 
diastereoisomer of the (S,R) molecule. 
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An example ofa compound with two chiral^f • «. 
solifenacin. Solifenacin in H*» u , ■ * 18 ** ^^carinic 

aomenacin is descnbed in U.S. Patent No 6 1 74 so* A ■ 

by the following chemical fonnula: ' "* 1S re P resen ^ 




' ^rrir^r—rz: 

(developmem number YM-905) is a salf 7' SUCCmate 
America) and GlaxoSmitMrr ( ° Ugh Yl ™>™x*>i Pharma 

December 2002 for solifcna ' 8 * YPA in 

5 ^beenspecificaUydeacrib^bTv °" f ~^acn, bave 

Formulationg 

flayed re,eaae, and puIsaffle ^J^T^ ^ ^ 
moduli - JfZSTl M ^ COmP0 ' mdS — * «* 
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therapeutically effective amount, to apatient fa need ftereof for treating functional 
bowel disorders. I, is recognized that the compositions may be administered by any 
means of administration aa long as an effective amount for treating functional bowel 
disorders, is delivered. 

5 Any of the active agents may be administered in the fonn of a salt eater 

amtde, prodrug, active metabolite, derivative, or the like, provided that the salt, 'eater 
amide, prodrug or derivative is smtable pharmacologically, i.e., effective in the 
present method. Salts, esters, amides, prodrugs and other derivatives of the active 
agents may be prepared using standard procedures known to those skilled in the art of 
) synthetic organic chemistry and described, for example, by J. March, Advanced 
Organic Chemistry: Reactions, Mechanisms and Structure, 4th Ed (New York- 
Wriey-Interscienc., 1992). For example, acid addition salts are prepared from the 
free base using conventional methodology, and involves reaction with a suitable acid 
Smtable acids for preparing acid addition salts include both organic acids, e.g acetic 
aetd, ptopionic acid, gJycoUc acid, pyruvic acid, oxatic acid, malic acid, matoaic acid 
succmtc acid, maleic acid, flunaric acid, tartaric acid, citric acid, benzoic acid 
cumanuc acid, mandelic acid, methaneaulfonie acid, ethanesulfonic acid p- 
toluenesulfbnic acid, salicylic acid, and the like, aa well as inorganic acids e g. 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric 'acid,'and 
the bke. An acid addition salt may be reconverted to tire free base by treatment with a 
smtable base. Particularly prrfei red acid addition sa.ts of the active agents herein are 
salts prepared with organic acids. Conversely, preparation of basic salts of acid 
motetiea which may be present on an active agent are prepared in a similar manner 
usmg a pharmaceutical* acceptable base such as sodium hydrexide, potassium 
hydroxide, ammonium hydroxide, calcium hydroxide, trimethylamine, or the like 

Prepamtion of esters involves funetionaUzation of hydroxyl and/or earboxyl 
groups that may be present within the molecular structure of the drug. He este are 
typteally acyl-substiutted derivatives of free alcohol groups, i.e„ moieties that are 
denved from carboxylic acids of the formula RCOOH where R is alkyl and 
preferably is lower alkyl. Esters can be reconverted to the free acids, if desired by 
usmg conventional hydrogenolysis or hydmlysis procedures. Amides and prodrugs 
may also be prepared using techniques known to those skilled in the art or described 
m the pertinent literature. For exam pl e, amides may be prepared from esters, using 
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suitable amine reactants> „, &ey ^ ^ ^ _ ^ ^ 

cMonde by reaction with ammonia or . lower ^ ^ ^ 
prepared by covalen. attachment of a moiety, whieh resuhs in a expound tha, is 
thempeuticaUy inactive until modified by an mdividuafs metabolic system 

the brand" " " - *~ — — by Pfizer toe. under 

C °<™~ Tab.ets.andNeuronfin. 
Oral So.ut.on are supphed either as imprinted bard sbeU ca P su.es contouring 100 mg 

and 800 nrg of gabapentm or an ora. soMon containing 250 mg/5 ntL of gabapenl 
Tne macrive mgredients for tbe capau.es are .actose, cornstarch, and «c. L , 00 mg 

2r r • - d yeuow ^ ° xide - ^ 400 ^ ** «— 

gelatm, red tron ox.de, titanium dioxide, and yeUow iron oxide. I* inactive 

mgred,en ts f„r«be te b,e, S a re po.oxa m er407,copo.yvidonn m ,co msta cb magnesium 
^ bydroxypropy, ceHmose, talc, candehUa wax and purified watJ^Te 

arawberry amse flavor, m addition to tbeae formnlafiona, gabapenrin and 
fonmriauons are generally described in me following patent US 6,683 112- US 
,64 5 8; US 6,627,21 US 6,569,463; US 6,544,998; US 6,531, 09; 6 5 L Us 
6,465,0.2; US 6,346,270; US 6,294,.98; US 6,294,,92; US 6,207 685- US 6 127 ^ 

US 6,024,977; US 6,020,370; US 5,906 832- US 5 876 ™ Tnf * 

, ,^uo,ojz, 5,876,750; and US 4,960 931 

One se, of foundations for oxybutynin are those mariteteri by Ormo-McNeil 
Pfaamaceuticals, Inc. under the brand name Ditropan®. Ditropan® tablets are^upplied 
coning 5 mg/tab.ets of me active ingredient, oxybutynin chloride, and the 
mgrementa anhydrous lactose, micmcrystalbne cell,, w , • amem acuve 
blue m n _ e WKtystamne cellulose, calcium stearate, and FD&C 

blue*. Wee. tap-w.^.^ 

oxybutynm chloride, and me inactive ingredients Chic acid, H> & C gJL*Lr 
Slycenn, memy,paraben, sodium c.«e, sorbi toI , sucrose, and water UiJ^ 
■ S 7™-'-'ab tefcnn of Ditroplm . supplied 

«or)ofoxybn^cmoride, 1 Om 8< pm K co,„r)ofoxybuU.ch,oir 
5 mg (gray oo.or) of oxybutynin ch.or.de. macrive ingredient *Z££lL 
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supplied as a 39 cm 2 ^ * • • y mterval - It is 

3«o4days. P,ChlSWOniCOntoU0 ^^— pa.chisappHed.very 

A formulation useful in the present 
10 gabapendn and osybutynin 'T* ~° C °~ * "»*■*« of 

; uiynincnlonde. The combination can be suDDlieri in 
f — — n and dosage forma as described hetT f 7- 
for supplying the combination is in a tahw t , • formolatmn 

me combination of me oreal ^ Ad<B,i<>naI f °™™ *r 

envisions for T* ~" " ^ W * " 

" * in no way meal XnnlTt T ^ ° f ^ 

«- Present London " ~ <Wi -~ for the combinadon of 

*e Pharmacenne^r "~ ** ^ ^ * « «- 

to rados provided hLHe «^ " ^ ^ ~» *• 

combma fl0n f orUM ^ e ^ Ve 7 Oftte ^^en. S „fme 

and gabapendn reap^lT T " * ! ' * ^ ' 
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2.5:800. Alternately, the ratio of oxybutyria t0 gabapentin ta . M . . u 
about about ,. 25 .,0, about ,.25:100, about ^ 7^7^" " 
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0) aft irt* through 20 . mrah scrMn _ ^ (o 
■mpeller and chopper, and mix for five minutes- 

(2) wet gramuate mixed interns with . binder 
povidone or methocel); 

(3) "wetg^tofl^^^^ 
are within a 1-2.5% range; 

(4) mill dried granules; 

(^h*nea«e miUed granu.es (such as with magnesium steamte) in 
10 (6) compress into tablets 

15 mixmre of isomers. "^^"'^^^^^aaaracemic 

Ptoaaceutical ComposiHonsand Dosage tw. 

Suitable compositions and dosage forms include tablets capsules canW 

administration and the like F,,r.w ^ . intravesical 
cuiuraeince. Further, those of ordinary skill in th<= „ 

uomg those formulations as described elsewhere herein. 
Oral Dosage Forms 

30 PeUe.matma.ormaynotbeencapsufled. 2TZ^ 

conventional memods known to those in the J r I TO ™ d ^ 

described in the pertinent „ , Paannaceutical formulation and 

pertinent texts, e.g., m Remington: The Science and Practice of 
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Pharmacy, supra). Tablets and capsules represent the most convenient oral dosage 
forms, in which case solid pharmaceutical carriers are employed. 

Tablets may be manufactured using standard tablet processing procedures and 
equipment. One method for forming tablets is by direct compression of a powdered, 
5 crystalline or granular composition containing the active agent(s), alone or in 
combination with one or more carriers, additives, or the like. As an alternative to 
direct compression, tablets can be prepared using wet-granulation or dry-granulation 
processes. Tablets may also be molded rather than compressed, starting with a moist 
or otherwise tractable material; however, compression and granulation techniques are 
10 preferred. 

In addition to the active agent(s), then, tablets prepared for oral adrninistration 
using the method of the invention will generally contain other materials such as 
binders, diluents, lubricants, disintegrants, fillers, stabilizers, surfactants, 
preservatives, coloring agents, flavoring agents and the like. Binders are used to 

1 5 impart cohesive qualities to a tablet, and thus ensure that the tablet remains intact after 
compression. Suitable binder materials include, but are not limited to, starch 
(including com starch and pregelatinized starch), gelatin, sugars (including sucrose, 
glucose, dextrose and lactose), polyethylene glycol, propylene glycol, waxes, and 
natural and synthetic gums, e.g., acacia sodium alginate, polyvinylpyrrolidone, 

20 cellulosic polymers (mcluding hydroxypropyl cellulose, hydroxypropyl 

methylcellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, and the 
like), and Veegum. Diluents are typically necessary to increase bulk so that a 
practical size tablet is ultimately provided. Suitable diluents include dicalcium 
phosphate, calcium sulfate, lactose, cellulose, kaolin, mannitol, sodium chloride, dry 

25 starch and powdered sugar. Lubricants are used to facilitate tablet manufacture; 

examples of suitable lubricants include, for example, vegetable oils such as peanut oil, 
cottonseed oil, sesame oil, olive oil, corn oil, and oil of theobroma, glycerin, 
magnesium stearate, calcium stearate, and stearic acid. Stearates, if present, 
preferably represent at no more than approximately 2 wt. % of the drug-containing 

30 core. Disintegrants are used to facilitate disintegration of the tablet, and are generally 
starches, clays, celluloses, algins, gums or crosslinked polymers. Fillers include, for 
example, materials such as silicon dioxide, titanium dioxide, alumina, talc, kaolin, 
powdered cellulose and microcrystalline cellulose, as well as soluble materials such as 
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nonionic surface active agents. ' Cah<>,liC ' amph ° teric OT 

— «. wifcgcato eapsu.es prefer. Two-pieee ^T, T 

The Seienee and Practice of Ph.™ ( * ° r Remi mston.- 

to dissolve the active agents Th/ • ^ fa neCessM V 

> 5 materia, and a,, comp^ Tof 2 T" " ^ "» 

for ingestion. tal composition, and must be suitaMe 

release eoatings may be manufactured usin sJcTcol ^ ^ 

0 equipment. Such procedures are known to J^T* " 

pertinent texts (See, for eg R^J " hoseslaU c° ■ the art and described in the 

l e,rore.g.,R emui gton: The Science and Practice of Ph.™ 
-pra). Generally> after preparatjon ^ric of Phannacy, 

coating exposition is appHed using a coating nl 7* ^ **" 

^edbedcoanngcuipnten.orUrB ZST^^' 
comprise a polymeric material . . „ 7 C ° atog CMn P<*«i°ns 

Phmalate, cellle pr^ h^ ^ ^ h ^ 
P^nythoxyp^me^ 

succinate, carboxymethvl ethv. , "'cxypmpyl methylcellulose 

and/or esters thereof y ' metfaa «ylic acid, 



Sustained release dosage forms provide for drue relea, 

^^^^^^^^^^^ 

uy, ^ ml1 be appreciated by 
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those of ordinary skill in the art, sustained release dosage forms are formulated by 
dispersing a drug within a matrix of a gradually bioerodible (hydrolyzable) material 
such as an insoluble plastic, a hydrophilic polymer, or a fatty compound, or by 
coating a solid, drug-containing dosage form with such a material. Insoluble plastic 
5 matrices may be comprised of, for example, polyvinyl chloride or polyethylene. 
Hydrophilic polymers useful for providing a sustained release coating or matrix 
cellulosic polymers include, without limitation: cellulosic polymers such as 
hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl methyl cellulose 
methyl cellulose, ethyl cellulose, cellulose acetate, cellulose acetate phthalate 
) cellulose acetate trimellitate, hydroxypropylmethyl cellulose phthalate 

hydroxypropylcellulose phthalate, cellulose hexahydrophthalate, cellulose acetate 
hexahydrophthalate, and carboxymethylcellulose sodium; acrylic acid polymers and 
copolymers, preferably formed from acrylic acid, methacrylic acid, acrylic acid alkyl 
esters, methacrylic acid alkyl esters, and the like, e.g. copolymers of acrylic acid 
methacrylic acid, methyl acrylate, ethyl acrylate, methyl methacrylate and/or ethyl 
methacrylate, with a terpolymer of ethyl acrylate, methyl methacrylate and 
tnmethylammonioethyl methacrylate chloride (sold under the tradename Eudragit RS) 
preferred; vinyl polymers and copolymers such as polyvinyl pyrrolidone, polyvinyl 
acetate, polyvinylacetate phthalate, vinylacetate crotonic acid copolymer and 
ethylene-vinyl acetate copolymers; zein; and shellac, ammoniated shellac, sheUac- 
acetyl alcohol, and shellac n-butyl stearate. Fatty compounds for use as a sustained 
release matrix material include, but are not limited to, waxes generally (e.g., camauba 
wax) and glyceryl tristearate. 

Transmucosal Compositions and Dosage Forms 

Although the present compositions may be administered orally, other modes 
of administration are suitable as well. For example, transmural administration may 
be advantageously employed. Transmural administration is carried out using any 
type of formulation or dosage unit suitable for application to mucosal tissue For 
example, the selected active agent may be administered to the buccal mucosa in an 
adhesive tablet orpateh, sublingually administered by placing a solid dosage form 
under the tongue, lingually admimstered by placing a solid dosage form on the 
tongue, administered nasally as dmplete oranasal spray, administered by inhalation 
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of an aerosol formulation, a non-aerosol liquid formulation, or a dry powder, placed 
within or near the rectum ("transrectal" formulations), or administered to the urethra 
as a suppository, ointment, or the like. 

Preferred buccal dosage forms will typically comprise a therapeutically 
5 effective amount of an active agent and a bioerodible (hydrolyzable) polymeric carrier 
that may also serve to adhere the dosage form to the buccal mucosa. The buccal 
dosage unit is fabricated so as to erode over a predetermined time period, wherein 
drug delivery is provided essentially throughout. The time period is typically in the 
range of from about 1 hour to about 72 hours. Preferred buccal delivery preferably 
.10 occurs over a time period of from about 2 hours to about 24 hours. Buccal drug 

delivery for short term use should preferably occur over a time period of from about 2 
hours to about 8 hours, more preferably over a time period of from about 3 hours to 
about 4 hours. As needed buccal drug delivery preferably will occur over a time 
period of from about 1 hour to about 12 hours, more preferably from about 2 hours to 
15 about 8 hours, most preferably from about 3 hours to about 6 hours. Sustained buccal 
drug delivery will preferably occur over a time period of from about 6 hours to about 
72 hours, more preferably from about 12 hours to about 48 hours, most preferably 
from about 24 hours to about 48 hours. Buccal drug delivery, as will be appreciated 
by those skilled in the art, avoids the disadvantages encountered with oral drug 
20 administration, e.g., slow absorption, degradation of the active agent by fluids present 
in the gastrointestinal tract and/or first-pass inactivation in the liver. 

The "therapeutically effective amount" of the active agent in the buccal 
dosage unit will of course depend on the potency of the agent and the intended 
dosage, which, in turn, is dependent on the particular individual undergoing treatment, 
25 the specific indication, and the like. The buccal dosage unit will generally contain 
from about 1.0 wt. % to about 60 wt. % active agent, preferably on the order of from 
about 1 wt. % to about 30 wt. % active agent. With regard to the bioerodible 
(hydrolyzable) polymeric carrier, it will be appreciated that virtually any such carrier 
can be used, so long as the desired drug release profile is not compromised, and the 
30 carrier is compatible with the active agents to be administered and any other 

components of the buccal dosage unit. Generally, the polymeric carrier comprises a 
hydrophilic (water-soluble and water-swellable) polymer that adheres to the wet 
surface of the buccal mucosa. Examples of polymeric carriers useful herein include 
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acrylic acid po.yme* and c„, eg., those known „ .. carijomeIS „ ( 

(e g., Sentry Po.yox® water sohible resins, available from Union Carbide)- 
5 po.yaeryta.ea (e.g., Gantrez®, wbleh may be obtained from OAF)- vinvl n't 

oeUuioa.epotyn.eraauehaahydroxypropyimen.yieeUnloae.Ce.g Mettocel® „v „ 
may be obtained from the Dow Chemical Com,*, ^u, Methocel ®. which 

Klucel® , . WUl<amcal Company), hydroxypropyl eelluloae (eg, 

.o sr e !' n s pTr so ob,ained ftom Dow) - hydr °™ -» 

(see, e.g, U.S. Pa,. No. 4,704,285 to Aldetman), hydroxyethy, cellulose 
carboxymethy. ce.lu.ose, aodinm carboxymethy, eeUutoae, methy, oeUuiose em y l 
oehu.0, ceuutoae acetate phthaiate, celhUose acetate butyrate, 1 the Z' 

Otter components may also be incorporated into the buccal dosage forms 
^adttdona.eomponentsmeinde.bmarenot.imri 
rZrr^'^^^ — elandtte 

.— ^^^^roirfrr^r 88 , 

20 sodium caiboxymethy, stages (e,, Bxp,o,ab®, whic ^227 ^ 

dduente are those whieh are generally useful in nh,™ ..- , 

using compression uehm' eg P<~uuca, formula* ona prepared 

nmques, e.g, dtcalcium phosphate dihydrate (e.g Di-Tab<s> 
which may be obtained from Stanffer) sugars thai w u 
->< „ . „. . •"'er;, sugars that have been processed bv 

25 cocrystalhzahon with dextrin fee mm *„- , V 

Pak®wh irf , m k v ( g ' CryStaU,2edsucr °se and dextrin such as Di- 
Pak® winch may be obtamed from Amstar), calcium phosphate, ceUulose kaohn 

lubneant is magnesium stearate. "oprimal 
Sublingual and lingual dosage forms include tablets, creams, ointments 
lozenges, pastes, and any otter solid dosage &m where tte acdve ilgre^ 
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admixed into a disintegrate matrix Th* <-oki * 

sublingual or lingual L ' ° T P3Ste f <* 

selecte^ 

sublingual or l;^^ MBB ^ Mta,D " ,, ■■ , *^ 

sublingual and ^"^^c^ ^ ^ 
blmgual and ungual dosage units are fabricated to disintegrate rapidlv Tfc « 

penod for comnlete rficW . ^ e rapidly. The tune 

complete disintegration of the dosage unit is tvoicallv in «, 
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Macrochem Co., Lexing^ ^ ^ 

**> *e uremra . ^ J^-* "» can be Unreduced 
or bioeroded in the urethra M u abS ° rbed ' meIted 

the drug be dehvered from at W * * , ^ ^ eSSential > that 

present method. m conjunction with the 

15 Urethral suppository formulations containing PEG or a PEG rt • „ 

CO ~yf— ed using conventionaitechni^es ^S^™*^* 
heat molding or the like as will h. ■ *' compression molding, 

described in me perun^, h. h " - ^ art and as 

me pertinent literature and pharmaceutical texts (See p o t> ■ 
The Science and Practice of Pharmacy supra) whM, „■ 7 *' Remm * ton: 

PEG or PEG derivative Dreferahh i, suppositories. The 

2,ooo g/mo,. smuhte pc TZT, rm8e of from ab ° ut i - oo ° *° — 

^acidesters.forexCC^ .TT ' 

agent, it may also be preferred that ureth™, 8 """"""^ 

solubilizing agents effective I "WW- contain one ormore 

s agents enechve to increase the solubilitv of th» .„.• 
or other transurethral vehicle. " agent " "» PE G 

It may be desirable to deliver «,...• 

form comprises a biocomoatiw. k- „ ° h a Case > *• d °sage 
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example, in PCT Publication No. WO 96/40054, these and other polymers can be 
used to provide biodegradable microparticles that enable controlled and sustained 
drug release, in turn nunimizing the required dosing frequency. 

The urethral dosage form will preferably comprise a suppository that is on the 
5 order of from about 2 to about 20 mm in length, preferably from about 5 to about 10 
mm in length, and less than about 5 mm in width, preferably less than about 2 mm in 
width. The weight of the suppository will typically be in the range of from about 1 mg 
to about 100 mg, preferably in the range of from about 1 mg to about 50 mg. 
However, it will be appreciated by those skilled in the art that the size of the 
1 0 suppository can and will vary, depending on the potency of the drug, the nature of the 
formulation, and other factors. 

Transurethral drug delivery may involve an "active" delivery mechanism such 
as iontophoresis, electroporation or phonophoresis. Devices and methods for 
delivering drugs in this way are well known in the art. Iontophoretically assisted drug 
1 5 delivery is, for example, described in PCT Publication No. WO 96/40054, cited 
above. Briefly, the active agent is driven through the urethral wall by means of an 
electric current passed from an external electrode to a second electrode contained 
within or affixed to a urethral probe. 

Preferred transrectal dosage forms include rectal suppositories, creams, 
20 ointments, and liquid formulations (enemas). The suppository, cream, ointment or 
liquid formulation for transrectal delivery comprises a therapeutically effective 
amount of the selected phosphodiesterase inhibitor and one or more conventional 
nontoxic carriers suitable for transrectal drug administration. The transrectal dosage 
forms of the present invention can be manufactured using conventional processes. The 
25 transrectal dosage unit can be fabricated to disintegrate rapidly or over a period of 

several hours. The time period for complete disintegration is preferably in the range of 
from about 10 minutes to about 6 hours, and optimally is less than about 3 hours. 

Other components may also be incorporated into the transrectal dosage forms 
described herein. The additional components include, but are not limited to, stiffening 
30 agents, antioxidants, preservatives, and the like. Examples of stiffening agents that 
may be used include, for example, paraffin, white wax and yellow wax. Preferred 
antioxidants, if used, include sodium bisulfite and sodium metabisulfite. 
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Preferred vaginal or perivaginal dosaeef^o- , * 
P«e, foam or spray for vaginal or periva^T, ^ ^ 

perivaginal fonns of ^ present ^ * W " 

processes as disclosed in Remington . The _"~ «"« conventional 

(- also drag fommIatioils „ XL^r ^ PSamaCy ' — 

The vaginal orperivagina! dosage unit can bo fib l l '° B6 ' 909X 
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The active agents may also be administered intranasallv or hv -u , • 
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PH 6.0 to about P H 7 0 Buffo™ fc P±1 4 '° t0 about P« 7.4 or, from about 

available in the art forth. Furthermore, various devices are 
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creams, pastes or ointments with a viscosity of, e.g., from about 10 to about 6500 cps, 
or greater, depending on the desired sustained contact with the nasal mucosal 
surfaces. Such carrier viscous formulations may be based upon, simply by way of 
example, alkylcelluloses and/or other biocompatible carriers of high viscosity well 
5 known to the art (see e.g., Remington: The Science and Practice of Pharmacy, supra). 
Other ingredients, such as art known preservatives, colorants, lubricating or viscous 
mineral or vegetable oils, perfumes, natural or synthetic plant extracts such as 
aromatic oils, and humectants and viscosity enhancers such as, e.g., glycerol, can also 
be included to provide additional viscosity, moisture retention and a pleasant texture 
and odor for the formulation. Formulations for inhalation may be prepared as an 
aerosol, either a solution aerosol in which the active agent is solubilized in a carrier 
(e.g., propellant) or a dispersion aerosol in which the active agent is suspended or 
dispersed throughout a carrier and an optional solvent. Non-aerosol formulations for 
inhalation may take the form of a liquid, typically an aqueous suspension, although 
aqueous solutions may be used as well. In such a case, the carrier is typically a 
sodium chloride solution having a concentration such that the formulation is isotonic 
relative to normal body fluid. In addition to the carrier, the liquid formulations may 
contain water and/or excipients including an antimicrobial preservative (e.g., 
benzalkonium chloride, benzethonium chloride, chlorobutanol, phenylethyl alcohol, 
thimerosal and combinations thereof), a buffering agent (e.g., citric acid, potassium 
metaphosphate, potassium phosphate, sodium acetate, sodium citrate, and 
combinations thereof), a surfactant (e.g., polysorbate 80, sodium lauryl sulfate, 
sorbitan monopalmitate and combinations thereof), and/or a suspending agent (e.g., 
agar, bentonite, noncrystalline cellulose, sodium carboxymethylcellulose, • 
hydroxypropyl methylcellulose, tragacanth, veegum and combinations thereof). Non- 
aerosol formulations for inhalation may also comprise dry powder formulations, 
particularly insufflations in which the powder has an average particle size of from 
about 0. 1 fim to about 50 /«n, preferably from about 1 m to about 25 m . 

3 0 Topical Formulations 

Topical formulations may be in any form suitable for application to the body 
surface, and may comprise, for example, an ointment, cream, gel, lotion, solution, 



20 



25 



64 



20 



25 



30 



WO 2004/084881 „ „ 

PCT/US2004/008701 

paste or the like, and/or m*i,u~ , 

aenvatives. The specific ointment base to be used as will * 

skilled in the art is one th»t , ■» • , appreciated by those 

with other carriers or vehicles an oint™ t K ! y " ^ As 

vcmcies, an ointment base should be inm ctoui ■ • 
andnonsensitizing As exnl a ,W » • ' n <™mtating 

of Pharmacy, supra). ^ ^ ** Tto »° P-nce 

Creams, as al s „ weU known in the m, are viscous liquids or semisoUd 
emulsrons, either oil-in-water or water-in-oil Cream h„ semisolid 
contain an oil phase an emnUifi / "* Water -™*"ble, and 

on pnase, an emulsifier and an aqueous nhase Th„„.i t. 
the "internal" nh,.. ; „ e ol! phase - ^ railed 

theoilnha, , ^^^"^'y-^Sh^necessarily ex«eds 

the ou phase in volume, and generauy coatams a humectant The emulsiiier C 

^"--enernU yanonionic • amonic, clonic or amp^l^ 

quid, which is typically aqueous, but a.so, preferaWy, contain an alcoho! and 
optionally, an oil. Preferred "organie macromolecnies " i e aellin., 
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carboxypolyaftyiones tha, may be obtained comnaci 

polyoxyethylene-polyoxypropylene copolymers and poIyvmylaJcob^'^en ^ 
polymers such as hydroxypropy, cellul ose, hydxoxylv^^ ' 

- - ^gacanm and xanta « sodium a.^'^TTr 

gelnng agon, oan bo disporsod by trituration, mooharncal mixing anil 

the skin or mucosal tissue it mav he a. • u, Penneauon through 

15 Transdermal Administration 

> comprised of a polymeric matnW t, monohthlc system, the reservoir is 
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The backing layer in these laminates, which serves as the upper surface of the 

provtdes the device tvith much of its flexibility. The material selected for me backin* 
^^"eselec.edsoth.i.iasubs^^^^^^ 

film of a flextble elastomeric material. Examples of polymers that are suitable for the 
bactag htyer include polyethy,ene, po.ypropy.ene, polyestets, and tie like 

DUn " g *»«• » d «*f the laminated structure inCudes a release 

Inter, hnmedtately prior to use, mis layer is removed torn the device to expose the 

* .dte systemmay be affixed to the skin The release tiner should bemade Jm a 
drug/vehicle impermeable material, aoeiroma 

erthance^Tt ^ T" ~ ^ " ^ ' ^ ~ 

enhancer. That ,s, bncause m. inherent permeabnity of the sldn to some dru gsm aybe 

^^•^^arewenxnownm.he^andmclude.torexCe 
Arose enhancers hsted above in ti^mucosal compositions. 

Parenteral Administration 

mcludmg mtiamuscular, intraperitoneal, intravenous (IV) and subcutlous nation 

solutions or suspension, sotid forma suitabte for solution or suspension in litptid prior 
to injection, or aa emulsions. Preferably sterile i™«, H . 

— llbea^, 8 

w!,7Lr ^ aCCeP ^ "* S ° 1Wn,S ** - V * -P'oyed are 
water, Rm g e, 5 solution and isotonic sodium chloride solution b addition, steri,e 

fixed otis ate conventionally employed as a solvent or suspending medium 
or sustamed release system (See, e.g., U.S. Pat. No. 3 710 795) 
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Intravesical Administration 

Intravesical adnrinisfrauon, if „ sed , h gaierally characterized by 
adrnnnsfranon directly into Are bladder and may include methods as described 
elsewhere herein. O^rn^o^^^^^^^ 

described m US. Patent No, 6,207,180 and 6,039,967, as weU as other memods «ha, 
are known to one of skill in the art. 
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Intrathecal Administration 

> tatatt ^^^on,ifnsed,isgene^ 

dtreetly m t„ the intrameca. spec (where fluid flows around the spina, cord) 

One common system utilized for intrathecal administration is the APT 
intrathecal treatment system avafiame from Medtronic, Inc. APT Intrathecal uses a 
snail pump tha, is surgically p,aced under the skin of the abdomen to deliver 
m^cafion direcdy into the intraoral space. The medication is delivered through a 
«B tube caned a catheter ma, is also surgically p,aced. The medication can Z be 
admnnstered mrecdy to cefts in me spina, cord involved in conveying sensory and 
motor signals. J 

Anchor system available from Medtronic tha, is commonly utilized for 
mfraiheoa. adminisfrauon is me is me My implantable, programmable SynchroMed® 
Infus-on System. The SyrrchmMed® Infusion System has two parts tha, are both 
Placed m the body during a surgical procedure: the catheter and the pump Tie 
catheter is a smaU, soft tube. One end is connected ,„ the catheter port of me pump 

at T Tn ^ ^ " *~ m Pm » is * V* «" *5- 

abou, one mch (2.5 cm) duck, three inches (8.5 cm, in diameter, and weighs about six 
ounc. (205 g) that stores and re.eases prescribed amounts of medication direcfiy J 
me nrtratheca. space, ft i s made of titanium, a ughtweighf, medica,-grade meta. The 
-ervorr is the apac inside me pump ma. ho.ds me medication. The fifi port is a 
mrsed center portion of the pump through which fhe pump is refined. The doctor or a 
nurse mserts a needle through the pattern's skin and through the fin port to fin me 
pump. Some pumps have a side catheter access port tha, afiows «he doctor to mjec, 
other medmafions or sterile solutions direcflyinto me cameter, bypassing me pump 
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The SyncbroMed® pump automatically delivem a contmllad amount of 

* . most affective. The exact dosage, rate and timiug prescribe* h y me doctor are 
entered m the pump using a programmer, an externa! computer-like de.ee that 
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control* me pump's memory, mformation ahou, me patient, prescription is 



stored in 



ute pump s memory. The doctor can easUy review tins information by using the 

ZTT^ prosra,mner °°~ tes *• pump *- 

«edoc to r,o,e,,howthepump is operatinga, any given time. The doctor also 
can use the programmer to change your medication dosage 

Methods of intrathecal administiation may include those described above 
avadabie from Medtronio> 3, we „ „ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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Additional Dosage Formulations andDrug Del ivery Sy Slems 

As compared wim traditional drug delivery approaches, some continued 
r^ase technologies re,y upon me modification of both maeromolecules and synthetic 
«-n molecules ,0 allow them to be actively instead of passively absorbed 
body For example, XenoPort Inc. utilizes technotogy that takes existing molecules 
and re-engmeers them ,0 create new chemical entities (uni q ue molecules) that have 
unp^pharmacologicpropertiestoeimer: 1) lengthen the short half-life of a drug- 
2) overcome .poor absotption; and/or 3) deal wim poor drug distribution to target 
tissues. Techniques to lengtten the short half-life of a drug include me use of 
prodrugs with slow cleavage ratea to re lekae drugs over time or tha, engage 
transporters in small and large intestines to aUow the use of oral sustained delivery 
« as well as drugs that engage active transport system, Examples of such 

Z ar T: d ° Sa8e &mS - Md *"« « and 

Uta are sultable for use ^ ^ ^ ^ . 

pubhshedUSandPCTpatentapphcationaasaignedtoXenoportlnc • 
US20030158254; US20030158089; US20030017964; US2003130246- 
WO02,00.72; WO02J00392; WO02 10 0347 ; WO02100344; WO0242414- 
WO0228881; WO0228882; WO0244324; WO0232376; WO0228883 ; and' 
WO022841 1. m particular, Xenoporfa XP13512 is a transported Prodrug of 
gabapentin mat has been engineered ,0 utilize high capacity frunsport mechanisms 
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located in both the small and large intestine and to rapidly convert to gabapentin once 
in the body. In contrast to gabapentin itself, XP13512 was shown in preclinical and 
cluneal studies to produce dose proportional blood levels of gabapentin across a broad 
range of oral doses, and to be absorbed efficiently from the large intestine. 
5 Some other controlled release technologies rely upon methods that promote or 

enhance gastric retention, such as those developed by Depomed Inc. Because many 
drugs are best absorbed in the stomach and upper portions of the small intestine 
Depomed has developed tablets that swell in the stomach during the postprandial or 
fed mode so that they are treated like undigested food. TTxese tablets therefore sit 
) safely and neutrally in the stomach for 6, 8, or more hours and deliver drug at a 

desned rate and time to upper gastrointestinal sites. Specific technologies in this area 
include: 1) tablets that slowly erode in gastric fluids to deliver drugs at almost a 
constant rate (particularly useful for highly insoluble drugs); 2) bi-layer tablets that 
combine drugs with different characteristics into a single table (such as a highly 
insoluble drug in an erosion layer and a soluble drug in a diffusion layer for sustained 
release of both); and 3) combination tablets that can either deliver drugs 
simultaneously or in sequence over a desired period of time (including an initial burst 
of a fast acting drug followed by slow and sustained delivery of another drug) 
Examples of such controlled release formulations that are suitable for use with the 
present invention and that rely upon gastric retention during the postprandial or fed 
mode, mclude tablets, dosage forms, and drug delivery systems in the following US 
patents assigned to Depomed Inc.: US 6,488,962; US 6,451,808; US 6 340 475- US 
5,972,389; US 5,582,837; and US 5,007,790. Examples of such controlled release 
formulations that are suitable for use with the present invention and that rely upon 
25 gastnc retention during the postprandial or fed mode, include tablets, dosage forms 
and drug delivery systems in the following published US and PCT patent applications 
assigned to Depomed Inc.: US2003 01 47952; US20030 104062; US2003 01 04053 • 
US20030104052; US20030091630; US20030044466; US20030039688- 
US20020051820; WO0335040; WO0335039; WO0156544; WO0132217- 
30 WO9855107; W09747285; and W09318755. 

Other controlled release systems include those developed by ALZA 
Corporation based upon: 1) osmotic technology for oral delivery; 2) transdermal 
dehvery via patches; 3) liposomal delivery via intravenous injection; 4) osmotic 

70 
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technology for ,ong-,e„n delivery viaitnplants; ^ 5) depo( ^ 

p yosmosts to prov.de prec.se, controlled drug delivery for up to 24 
^gh drug do.es trreeting Mgh ^ Ioading 

week wnh a stngle apphcadon to improve drug absorpdon and deliver constat 
— o f drug into a. bloodstream oyer fae ^ 

evolve lrp.d nanopardcles tha, evade recognidon by the ^ system 
.0 ^ unr q ue polyethylene g , y oo, (PBO) coating, a,,„ wing „. p J e 

vat TT """ ° f 1,16 "° dy - ^ ^ ta o-deady d"™ 

systen, to enable dr. continuous deliver ofsn.au drugs, peptides, ptoteins ^Tand 

&er^jy. Finally, ALZA depot injection therapy is designed to deliver 
b.ophamraceu«cal agents and stnaU nroleeules for periods of days to a nronth using a 

d~r erso,uaon&r,h — ——sr 
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US 4,863,456; US 4,863,744; US 4,865,598; US 4,867,969; US 4,871,548; US 
4,872,873; US 4,874,388; US 4,876,093; US 4,892,778; US 4,902,514; US 4,904,474; 
US 4,913,903; US 4,915,949; US 4,915,952; US 4,917,895; US 4,931,285; US 
4,946,685; US 4,948,592; US 4,954,344; US 4,957,494; US 4,960,416; US 4,961,931; 
5 US 4,961,932; US 4,963,141; US 4,966,769; US 4,971,790; US 4,976,966; US 

4,986,987; US 5,006,346; US 5,017,381; US 5,019,397; US 5,023,076; US 5,023,088; 
US 5,024,842; US 5,028,434; US 5,030,454; US 5,071,656; US 5,077,054; US 
5,082,668; US 5,104,390; US 5,110,597; US 5,122,128; US 5,125,894; US 5,141,750; 
US 5,141,752; US 5,156,850; US 5,160,743; US 5,160,744; US 5,169,382; US 

10 5,171,576; US 5,176,665; US 5,185,158; US 5,190,765; US 5,198,223; US 5,198,229; 
US 5,200,195; US 5,200,196; US 5,204,116; US 5,208,037; US 5,209,746; US 
5,221,254; US 5,221,278; US 5,229,133; US 5,232,438; US 5,232,705; US 5,236,689; 
US 5,236,714; US 5,240,713; US 5,246,710; US 5,246,711; US 5,252,338; US 
5,254,349; US 5,266,332; US 5,273,752; US 5,284,660; US 5,286,491; US 5,308,348; 

15 US 5,318,558; US 5,320,850; US 5,322,502; US 5,326,571; US 5,330,762; US 

5,338,550; US 5,340,590; US 5,342,623; US 5,344,656; US 5,348,746; US 5,358,721; 
US 5,364,630; US 5,376,377; US 5,391,381; US 5,402,777; US 5,403,275; US 
5,411,740; US 5,417,675; US 5,417,676; US 5,417,682; US 5,423,739; US 5,424,289; 
US 5,431,919; US 5,443,442; US 5,443,459; US 5,443,461; US 5,456,679; US 

20 5,460,826; US 5,462,741; US 5,462,745; US 5,489,281; US 5,499,979; US 5,500,222; 
US 5,512,293; US 5,512,299; US 5,529,787; US 5,531,736; US 5,532,003; US 
5,533,971; US 5,534,263; US 5,540,912; US 5,543,156; US 5,571,525; US 5,573,503; 
US 5,591,124; US 5,593,695; US 5,595,759; US 5,603,954; US 5,607,696; US 
5,609,885; US 5,614,211; US 5,614,578; US 5,620,705; US 5,620,708; US 5,622,530; 

25 US 5,622,944; US 5,633,01 1; US 5,639,477; US 5,660,861; US 5,667,804; US 

5,667,805; US 5,674,895; US 5,688,518; US 5,698,224; US 5,702,725; US 5,702,727; 
US 5,707,663; US 5,713,852; US 5,718,700; US 5,736,580; US 5,770,227; US 
5,780,058; US 5,783,213; US 5,785,994; US 5,795,591; US 5,811,465; US 5,817,624; 
US 5,824,340; US 5,830,501; US 5,830,502; US 5,840,754; US 5,858,407; US 

30 5,861,439; US 5,863,558; US 5,876,750; US 5,883,135; US 5,840,754; US 5,897,878; 
US 5,904,934; US 5,904,935; US 5,906,832; US 5,912,268; US 5,914,131; US 
5,916,582; US 5,932,547; US 5,938,654; US 5,941,844; US 5,955,103; US 5,972,369; 
US 5,972,370; US 5,972,379; US 5,980,943; US 5,981,489; US 5,983,130; US 
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5,989,590; US 5,995,869; US 5,997,902; US 6,001,390; US 6,004,309; US 6 004 578- 

US 6,008,187; US 6,020,000; US 6,034,101; US 6,036,973; US 6,039 977- US ' ' 
6,057,374; US 6,066,619; US 6,068,850; US 6,077,538; US 6,083,190; US 6 096 339- 
US 6,106,845; US 6,1 10,499; US 6,120,798; US 6,120,803; US 6,124,261- US ' ' 
5 6,124,355; US 6,130,200; US 6,146,662; US 6,153,678; US 6,174,547; US 6 183 466- 
US 6,203,817; US 6,210,712; US 6,210,713; US 6,224,907; US 6,235,712- US ' ' 
6,245,357; US 6,262,115; US 6,264,990; US 6,267,984; US 6,287,598; US 6 289 241- 
US 6,331,311; US 6,333,050; US 6,342,249; US 6,346,270; US 6365183- US 
6,368,626; US 6,387,403; US 6,419,952; US 6,440,457; US 6,468,961; US 6,491 683- 
10 US 6,512,010; US 6,514,530; US 6534089; US 6,544,252; US 6,548,083; US ' ' 
6,551,613; US 6,572,879; and US 6,596,314. 

Other example, of controlled release formations, tablets, dosage forms, and 
drug delivery systems that are suitable for nse with the present invention are described 
m the Mowing published US patent application and PCX applications assigned to 
15 ALZA Corporation; US20010051 183; WO0004886; WO0013663; WO0013674- 
WO0025753; WO0025790; WO0035419; WO003865O; WO0040218; WO0045790- 
WOO066126; WO0074650; WO0U9337; WO0119352; WO0121211; WO0137815- 
WO0141742; WO0143721; WO0156543; WO3041684; WO03041685- ' 
WO03041757; WO03045352; WO03051341; WO03053400; WO03053401- 
0 WO9000416; WO9004965; W09113613; WG9U6884; WO92040H; W092H 843- 
WC9212692; WD9213521; WC9217239; WO9218102; WO9300071; WO9305843- 
WO9306819; WQ9314813; W09319739; WO9320127; WO9320134; WO9407562^ 
WO9408572; WQ9416699; WQ9421262; W09427587; WG9427589; WO9503823- 
WG9519174; WQ9529665; WO9600065; WD9613248; WG9625922; WO9637202- 
WO9640049; WO9640050; WO9640.39; WO9640364; WO9640365; WO9703634- 
WO9800158; WO9802169; WQ9814168; WO9816250; WG9817315; W09827962- 
WG9827963; W09843611; WO9907342; W09912526; WD9912527; W09918159- 
WQ9929297; W09929348; WO9932096; WC9932153; WQ9948494; WO9956730- 
W09958115;andW09962496. * 

Another dmg dehvery technology suitable for use in the present invention is 
that disclosed by DepoMed, Inc. in U.S. Patent No. 6,682,759, which disdoses a 
method for manufacturing a phannacoutical tablet for oral administration combining 
hour unmediate-release and prolongeu-releaae modes of dmg delivery. The tabiet 
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according to 4c method comprises a prolonged-release drug core and an immediate- 
release drug coating or layer, which can be insoluble or sparingly soluble in water 
The method Units the drug particle diameter in the immediate-release coating or layer 
to 10 microns or less. The coating or layer is either the particles themselves, applied 

; as an aqueous suspension, or a solid composition that contains the drug particles 
mcorporated in a solid material that disintegrates rapidly in gastric fluid. 

Andrx Corporation has also developed drug delivery technology suitable for 
usemme present invention that includes: 1) a peptized pulsatile delivery system 
( TPDS ); 2) a smgle composition osmotic tablet system ("SCOT"); 3) a solubility 

> modulating hydrogel system ("SMHS"); 4) a delayed pulsatile hydrogel system 
( DPHS"); 5) a stabilized pellet delivery system ("SPDS"); 6) a granulated 
modulating hydrogel system (»GMHS»); 7) apelietized tablet system ("PELTAB")* 

SnET Zl ^ CTORTAB " ): md 9) a «-** ^ ' 

( STDS ). PPDS uses pellets that are coated with specific polymers aud agents to 
control the release rate of the microencapsulated drug and is designed for use with 
drugs that require apulsed release. SCOT utilizes various osmotic modulating agents 
as well as polymer coatings «o provide a zero-order drug release. SMHS utilizes a 
hydrogel-based dosage system mat avoids me "faina. burnt effect" commonly 
observed with other sustained-release hydrogel formulations and that provides for 
sustained release without the need .0 use special coatings or shucmres that add ,0 the 
cos, of manufactory. DPHS is designed for use with hydrogel matrix products 
characterized by an mitia. zero-order drug release Mowed by a rapid release that is 
achieved by the blending of selected hydrogel polymers ,0 achieve a delayed pulse 
SPDS mcomora.es a peUe, core of drug and protective polymer outer layer, and is 
destgned specifically f or ^ ^ ^ ^ 

tading polymers with me drug aud fotrns granu.es ma, are pressed into tablet f„nn 
PELTAB provides continued releaS e by using a water insoluble polymer ,0 coat 
dtscrete drug crystels or pellets to enable them ,0 resist the action of fluids in the 
gastiomtestmal tract and these coated pellets are then compressed fate tablets 
PORTAB provides controlled release by incomoratfag an osmotic core with a' 
continuous polymer coating and a water solubie component that expands the core and 
creates microporous channel* through which drug is re,eased. Finally, STDS fadudes 
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a dual layer coating technique that avoids the need to use a coating layer to separate 
the enteric coating layer from the omeprazole core. 

Examples of controlled release formulations, tablets, dosage forms, and drug 
delivery systems that are suitable for use with the present invention are described in 
5 the following US patents assigned to Andrx Corporation: US 5,397,574; US 

5,419,917; US 5,458,887; US 5,458,888; US 5,472,708; US 5,508,040; US 5,558,879- 
US 5,567,441; US 5,654,005; US 5,728,402; US 5,736,159; US 5,830,503- US 
5,834,023; US 5,837,379; US 5,916,595; US 5,922,352; US 6,099,859; US 6,099,862- 
US 6,103,263; US 6,106,862; US 6,156,342; US 6,177,102; US 6,197,347- US 
10 6,210,716; US 6,238,703; US 6,270,805; US 6,284,275; US 6,485,748; US 6 495 162- 
US 6,524,620; US 6,544,556; US 6,589,553; US 6,602,522; and US 6,610,326. ' 

Examples of controlled release formulations, tablets, dosage forms, and drug 
delivery systems that are suitable for use with the present invention are described in 
the following published US and PCT patent applications assigned to Andrx 
Corporation: US2001 0024659; US200201 15718; US200201 56066; WO0004883- 
WO0009091; WO0012097; WO0027370; WO0050010; WO0132161; WO0134123- 
WO0236077; WO0236100; WO02062299; WO02062824; WO02065991 ■ 
WO02069888; WO02074285; WO03000177; WO9521607; WC-9629992;' 
WO9633700; WO9640080; W09748386; W09833488; W09833489; WO9930692- 
20 WO9947125;andWO9961005. 

Some other examples of drug delivery approaches focus on non-oral drug 
delivery, providing parenteral, transmucosal, and topical delivery of proteins, 
peptides, and small molecules. For example, the Atrigel® drug delivery system 
marketed by Atrix Laboratories Inc. comprises biodegradable polymers, similar to 
those used in biodegradable sutures, dissolved in biocompatible carriers. These 
pharmaceuticals may be blended into a liquid delivery system at the time of 
manufacturing or, depending upon the product, may be added later by a physician at 
the time of use. Injection of the liquid product subcutaneously or intramuscularly 
through a small gauge needle, or placement into accessible tissue sites through a 
cannula, causes displacement of the carrier with water in the tissue fluids, and a 
subsequent precipitate to form from the polymer into a solid film or implant. The 
drug encapsulated within the implant is then released in a controlled manner as the 
polymer matrix biodegrades over a period ranging from days to months. Examples of 
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-^delivery sterns ^ Atrix . s Eligard . ^.^^ . 
FreeFIow / Atnsorb -D FreeHow, bone grow* products, and others „ 
me followmg published US and PCX patent application, assigned to Atrix 
Laboratories Ino, US RB37950; US 6,630,155; US 6,566,144; US 6,610 252- US 
> 6,565,874; US 6,528,080; US 6,461,63!; US 6,395,293; US 6,261,583; US 6H3 314- 
US 6420,789; US 6,071,530; US 5,990,194; US 5,945,1.5; US 5,888,533. US 
5,792,469; US 5,780,044; US 5,759,563; US 5,744, 15 3 ; US 5,739,176; US 5 736 152- 
US 5,733,950; US 5,702, 71 6 ; US 5.681,873; US 5,660,849; US 5,599,552 US 
5,487,897; US 5,368,859; US 5,340,849; US 5,324,519; US 5,278 202- US 5 278 20, 
US200201 ,4737, US20030195489; US20030133964;US Moloo^ ' ' 

US20020090398; US20020001608; and US2001042317, 

AWx Laboratories Inc. also markets technology for the non-oral transmural 
drugs over a rime period from minutes to hours. For example, Atrix-a 
BEMA (Broerodtble Muco-Adhesive Disc) drug delivery system comprises pre- 
formed broerodible discs for local or systemic delivery. Examples of such drug 
delivery systems include those as described in US Patent No. 6,245 345 

Other drug delivery systems marketed by Atrix Laboratories Inc. focus on 
optca drug delivery. For cxamp,e, SMP™ (Solvent Particle System) allows me 
toptca, delivery of highly water-insomb.e drugs. ™ sproduct ^ fc ^ 
«noun, of a dissolved drug to penneate me epidermal layer of the skin by combining 
med-ssolveddrugwimamicropartictesnspenaionofmcdrug. Tbe SMP™ system 
works m stages whereby: 1) me product is applied ,o me akin snrface; 2) the product 
near folhcles concentrates a, me skin pore; 3) the drug readily partitions into skin oil, 
«d 4) the drug difmscs throughout me are, By contrast MCA® (Mucocutaneous 
Absorption System) is a water-r.is.an, topical ge, providing sustained drug delivery. 
MCA® formsa.enac.ouarilmforeimerwetordrysurfaces where; 1) the product II 
apphed to me skm or mucosal surface; 2) the product forma a tenacious moismre- 
restaan, film; and 3) me adherer, nhn provides susteined release of drug for a period 
from hours «o days. Ye, another produc, BCP~ (Biocompatible Polymer System) 
provrdes a non-cytetoxic gel or k q uid ma, is apphed as a protective film for wound 
heahng. Examples of these systems include Orajel^-mtra Mourn Sore Medicine as 
weH as those as described in me Mowing published US patents and apphcations 
asagned ,0 Atiix Laboratories toe, US 6,537,565; US 6,432,415; US 6,355,657- US 
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Addi«„ nal formulations and composition, available from Teva 
PhannaceuticalMnaWea^, Warner Lambert & Co., and Godecke 
Aktien^Hshaft tba, include gabapennn and are useuU in «be present invention 

patent applications: US 6 531 509- TJS1 <o< tto 

5,1« 190. ' 8PPllCatl0nS: US 5 ' 834 ' 0I0 = US W83* and US 
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15 Dosage anJ a dmini^H^ 

The concentration of the active agent in anv nf «*. .r 
forms and compositions can vary a great J 17 , ! af ° rem ™ *-«• 
^^^eofcomposrnorTClrr ^"""^^ ^ 
^hntion.menamreandactivi^ o* ^T^^ 
■0 drag release profile iw ,.. ° fthe ^e agent, and the intended 

g release profile. Preferred dosage forms contain a nnit dose of active anen, ie 
single therapeuticaUy effective dose Por.„, • 1 ^nve agent, i.e., a 

™- . ""venose. For creams, omtments, etc., a "unit dose" 

requnes an active agent conoentration that provides a unit d„ • 
of me fbrmnlation to be appueu The nnit 17 " * **** 

depend of coarse onthe , """^^^^^^veagentwiU 
d ' 0r " TOe - onfe ^eagen.andonm«modeofadminiatiation. 

^^^^^^P^-tinventionCmcindingan^submnt 

aboatsngto abontS 500^ m„ ^ ' 10 ' 000 ^ 

8 500 m. »b 7,o 8 '° 9 ' 000 "* abo « 20 °8 to abont 

8,500 mg, abont 30 ng to abon, 7,500 mg, abont 40 ng to abont 7 000 ma ab 7™ 

to abont 6,500 mg, abon, .00 ng to abon, 6,000 mg abon, 12 nn t H * 
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10 fig to about 2,600 mg, about 20 fig to about 2,575 mg, about 30 fig to about 2,550 
mg, about 40 fig to about 2,500 mg, about 50 fig to about 2,475 mg, about 100 fig to 
about 2,450 mg, about 200 fig to about 2,425 mg, about 300 fig to about 2,000, about 
400 fig to about 1,175 mg, about 500 tig to about 1,150 mg, about .5 mg to about 
5 1,125 mg, about 1 mg to about 1,100 mg, about 1.25 mg to about 1,075 mg, about 1.5 
mg to about 1,050 mg, about 2.0 mg to about 1,025 mg, about 2.5 mg to 1,000 mg, 
about 3.0 mg to about 975 mg, about 3.5 mg to about 950 mg, about 4.0 mg to about 
925 mg, about 4.5 mg to about 900 mg, about 5 mg to about 875 mg, about 10 mg to 
about 850 mg, about 20 mg to about 825 mg, about 30 mg to about 800 mg, about 40 
mg to about 775 mg, about 50 mg to about 750 mg, about 100 mg to about 725 mg 
about 200 mg to about 700 mg, about 300 mg to about 675 mg, about 400 mg to about 
650 mg, about 500 mg, or about 525 mg to about 625 mg. 

Alternatively, for active agents of the present invention (including an ofeo 
subunit calcium channel modulator in combination with a compound with smooth 
muscle modulatory effects), the unit dose for oral, transmural, topical, transdermal, 
and parenteral administration will be equal to or greater than about 1 ng, about 5 ng 
about 10 ng, about 20 ng, about 30 ng, about 40 ng, about 50 ng, about 100 ng, about 
200 ng, about 300 ng, about 400 ng, about 500 ng, about 1 fig, about 5 fig, about 10 
fig, about 20 fig, about 30 fig, about 40 fig, about 50 fig, about 100 fig, about 200 fig 
about 300 fig, about 400 fig, about 500 fig, about .5 mg, about 1 mg, about 1.25 mg ' 
about 1 .5 mg, about 2.0 mg, about 2.5 mg, about 3.0 mg, about 3.5 mg, about 4.0 mg, 
about 4.5 mg, about 5 mg, about 10 mg, about 20 mg, about 30 mg, about 40 mg, 
about 50 mg, about 1 00 mg, about 200 mg, about 300 mg, about 400 mg, about 500 
mg, about 600 mg, about 625 mg, about 650 mg, about 675 mg, about 700 mg, about 
725 mg, about 750 mg, about 775 mg, about 800 mg, about 825 mg, about 850 mg 
about 875 mg, about 900 mg, about 925 mg, about 950 mg, about 975 mg, about 1000 
mg, about 1025 mg, about 1050 mg, about 1075 mg, about 1 100 mg, about 1 125 mg, 
about 1 150 mg, about 1 175 mg, about 1200 mg, about 1225 mg, about 1250 mg, 
about 1275 mg, about 1300 mg, about 1325 mg, about 1350 mg, about 1375 mg' 
about 1400 mg, about 1425 mg, about 1450 mg, about 1475 mg, about 1500 mg,' 
about 1525 mg, about 1550 mg, about 1575 mg, about 1600 mg, about 1625 mg,' 
about 1650 mg, about 1675 mg, about 1700 mg, about 1725 mg, about 1750 mg,' 
about 1775 mg, about 1800 mg, about 1825 mg, about 1850 mg, about 1875 mg,' 
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about 1900 mg, about 1925 mg, about 1950 mg, about 1975 mg, about 2000 mg, 
about 2025 mg, about 2050 mg, about 2075 mg, about 2100 mg, about 2125 mg,' 
about 2150 mg, about 2175 mg, about 2200 mg, about 2225 mg, about 2250 mg,' 
about 2275 mg, about 2300 mg, about 2325 mg, about 2350 mg, about 2375 mg,' 
5 about 2400 mg, about 2425 mg, about 2450 mg, about 2475 mg, about 2500 mg,' 
about 2525 mg, about 2550 mg, about 2575 mg, about 2600 mg, about 3,000 mg, 
about 3,500 mg, about 4,000 mg, about 4,500 mg, about 5,000 mg, about 5,500 mg, 
about 6,000 mg, about 6,500 mg, about 7,000 mg, about 7,500 mg, about 8,000 mg,' 
about 8,500 mg, about 9,000 mg, or about 9,500 mg. 

For the active agents of the present invention (including an c^S subunit 
calcium channel modulator in combination with a compound with smooth muscle 
modulatory effects), the unit dose for intrathecal administration will be in the range of 
from about 1 fg to about 1 mg, about 5 fg to about 500 ng, about 10 fg to about 400 
fig, about 20 fg to about 300 ng, about 30 fg to about 200 ng, about 40 fg to about 100 
Mg, about 50 fg to about 50 ng, about 100 fg to about 40 ng, about 200 fg to about 30 
fig, about 300 fg to about 20 ng, about 400 fg to about 10 ng, about 500 fg to about 5 
fig, about 1 pg to about 1 ng, about 5 pg to about 500 ng, about 10 pg to about 400 ng 
about 20 pg to about 300 ng, about 30 pg to about 200 ng, about 40 pg to about 100 ' 
ng, about 50 pg to about 50 ng, about 100 pg to about 40 ng, about 200 pg to about 30 
ng, about 300 pg to about 20 ng, about 400 pg to about 10 ng, about 500 pg to about 5 
ng, 

Alternatively, for the active agents of the present invention (including an 0*8 
subunit calcium channel modulator in combination with a compound with smooth 
muscle modulatory effects), the unit dose for intrathecal administration will be equal 
to or greater than about 1 fg, about 5 fg, about 10 fg, about 20 fg, about 30 fg, about 
40 fg, about 50 fg, about 100 fg, about 200 fg, about 300 fg, about 400 fg, about 500 
fg, about 1 pg, about 5 pg, about 10 pg, about 20 pg, about 30 pg, about 40 pg, about 
50 pg, about 100 pg, about 200 pg, about 300 pg, about 400 pg, about 500 pg, about 1 
ng, about 5 ng, about 10 ng, about 20 ng, about 30 ng, about 40 ng, about 50 ng, about 
100 ng, about 200 ng, about 300 ng, about 400 ng, about 500 ng, about 1 ng, about 5 
fig, about 10 ng, about 20 ng, about 30 ng, about 40 ng, about 50 ng, about 100 ng, 
about 200 ng, about 300 ng, about 400 ng, or about 500 ng- 
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The present invention also encompasses a pharmaceutical formulation 
encompassing oxybutyinin, wherein the unit dose for oral, transmural, topical 
transdermal, and parenteral administration of said oxybutynin will be in an amount 
equal to or less than about 5 mg, about 4.5 mg, about 4 mg, about 3.5 mg, about 3 mg 

5 a bout2.5mg,about2mg,aboutl.5mg,aboutl.25mg,aboutl.0mg,orabout 5mg 
Because of the synergistic action of * 2 8 subunit calcium channel modulators when 
combmed with smooth muscle modulators, dosages of 0,5 subunit calcium channel 
modulators and smooth muscle modulators that have been known in the art or 
predicted not to be effective for treating functional bowel disorders are effective when 
10 admmistered according to the methods of the present invention. 

A therapeutically effective amount of a particular active agent adrninistered to 
a grven individual will, of course, be dependent on a number of factors, including the 
concentration of me specific active agent, composition or dosage form, the selected 
mode of adrninistration, the age and general condition of the individual being treated 
15 ^ °f the individual ' 
known to the prescribing physician. 

A therapeutically effective amount according to the present invention can 
mclude an amount effective to show a reduction in the frequency or intensity of at 
least one symptom associated with the functional bowel disorder. For example in a 
0 patient with IBS, an effective amount of the active agents of the present invention 
would be an amount effective at reducing abdominal pain or discomfort associated 
wxth bowel movements. A further example of an effective amount of the active 
agents of the present invention for treating a patient with IBS would be an amount 
effective for reducing the onset or frequency of loose stool. 
> In another preferred embodiment, at least one detrimental side effect 

associated with single administration of an * subunit calcium channel modulator or 
asmoothmuscle modulator is lessened by concurrent administration of an . 2 o subunit 
calcmmchannelmodulatorwithasmoothmusclemodulator. For example side 
effects for oxybutynin, an antimuscarinic smooth muscle modulator, include dry 
mouth, sensitivity to bright light, blurred vision, dry eyes, decreased sweating 
flushmg, upset stomach, constipation, and drowsiness. However, when adrnimstered 
m combination with an c^S subunit calcium channel modulator such as gabapentin 
sigmficantly less of each agent is needed to achieve therapeutic efficacy (e.g., less ' 
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than the 5 mg dose of oxybutynin currently marketed in the United States and also 
less than the 2.5 mg dose of oxybutynin currently marketed in Europe). Because 
detrimental side effects are lessened, the present invention also has the benefit of 
improving patient compliance. 

Packaged Kits 

In another embodiment, a packaged kit is provided that contains the 
pharmaceutical formulation to be administered, i.e., a pharmaceutical formulation 
containing a therapeutically effective amount of an o^S subunit calcium channel 
modulator in combination with one or more compounds with smooth muscle 
modulatory effects for treating functional bowel disorders, a container, preferably 
sealed, for housing the formulation during storage and prior to use, and instructions 
for carrying out drug administration in a maimer effective for treating functional 
bowel disorders. The instructions will typically be written instructions on a package 
insert and/or on a label. Depending on the type of formulation and the intended mode 
of administration, the kit may also include a device for administering the formulation. 
Formulations may be any suitable formulations as described herein. For example, 
formulations may be an oral dosage form containing a unit dosage of a selected active 
agent. 

The kit may contain multiple formulations of different dosages of the same 
agent The kit may also contain multiple formulations of different active agents. The 
kit may contain formulations suitable for sequential, separate and/or simultaneous use 
in treating functional bowel disorders, and instructions for carrying out drug 
administration where the formulations are administered sequentially, separately 
and/or simultaneously in treating functional bowel disorders. 

The kit may also contain at least one component selected from an a 2 6 subunit 
calcium channel modulator and a smooth muscle modulator; a container housing said 
component or components during storage and prior to administration; and instructions 
for carrying out drug administration of an cfe5 subunit calcium channel modulator with 
a smooth muscle modulator in a manner effective to treat functional bowel disorders. 
Such a kit may be useful, for example, where the a 2 8 subunit calcium channel 
modulator or the smooth muscle modulator is already being administered to the 
patient, and the additional component is to be added to the patient's drug regimen. 
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Such a kit may also be useful where different individuals (e.g., physicians or other 
medical professionals) are admimstering the separate components of the combination 
of the present invention, 

The parts of the kit may be independently held in one or more containers- 
5 such as bottles, syringes, plates, wells, blister packs, or any other type of 
pharmaceutical packaging. 

Insurance Claims 

In general, the processing of an insurance claim for the coverage of a given 
medical treatment or drug therapy involves notification of the insurance company or 
any other entity, that has issued the insurance policy against which the claim is being 
filed, that the medical treatment or drug therapy will be performed. A determination 
is then made as to whether the medical treatment or drug therapy that will be 
performed is covered under the terms of the policy. If covered, the claim is then 
processed, which can include payment, reimbursement, or application against a 
deductable. 

The present invention encompasses a method for processing an insurance 
claun under an insurance policy for an ctf subunit calcium channel modulator and an 
antimuscarinic or pharmaceutically acceptable salts, esters, amides, prodrugs, or 
active metabolites thereof used in the treatment functional bowel disorders, 
particularly IBS, wherein said o^S subunit calcium channel modulator and ' 
antimuscarinic or pharmaceutically acceptable salts, esters, amides, prodrugs or 
active metabolites thereof are administered sequentially or concurrently in different 
compositions. This method comprises: 1) receiving notification that treatment using 
said a 2 8 subunit calcium channel modulator and said antimuscarinic or 
pharmaceutically acceptable salts, esters, amides, prodrugs or active metabolites 
thereof will be performed or notification of a prescription; 2) determining whether 
said treatment using said o&0 subunit calcium channel modulator and said 
antimuscarinic or pharmaceutically acceptable salts, esters, amides, prodrugs or active 
metabolites is covered under said insurance policy; and 3) processing said claim for 
treatment of said functional bowel disorders using said orf subunit calcium channel 
modulator and said antimuscarinic or pharmaceutically acceptable salts, esters, 
amides, prodrugs, or active metabolites thereof, including payment, reimbursement, or 
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application against a deductable. For nse in Ms method, a particularly preferred <*„ 
subani, crdclum channel modulator is gabapentin, while a particularly prefer 
anumuscarinic ia oxyburynin. This method also encompasses the processing of 
claims for and 0*0 subnni, calcium channel modulator, particularly gabapentin, or an 

5 ^^.particmarlyoxybury^wh^eimerhaabeenpreacrib^separatelyor 
concunrently for me treatment of functional bowel disorders, particularly ffis. 

Many modifications and other embodiments of me inventions set forth herein 
wm come to mind to one sWUed in the art to which these inventions pertain having 

.0 me benefit of the teachings presented in the foregoing descriptions and the associated 
dtawmgs. Therefore, i, is ,o be understood to, the inventions are not «o be hmifed ,o 
the specific embodiments disclosed and mat modifications and other embodiments are 
mtended to be included wifbin the scope of the appended embodiment, Although 
specific fenns are emp,oyed herein, toy are used in a generic and descriptive sense 

15 only and not for purposes of limitation. 
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Methods For Treating Functional Bowe. Disorders Using Subvurit Calcium 
Channel Modulators With Smooth Muscle Modulators 

The invention wiu be Amber, described in to Mowing examples, which do 
no, hnut the scope of the invention described in to claims. The following examp.es 
fllustm e to effect of admimsfration of to combination of an <*3 subnni, calcinm 
channel modulator and a smooth muselc mediator in varions well-accep,ed models 
of fcnenona. b q we. disorders and irritative models nsing intiavesically administered 
acetic acd as described in Sasaki e,al (2002); Urol. 168: 1259-64 and Thor and 
Katofiasc (1995) J. PMnnacol. Eipti. THer. 274: 1014-24. I, is expected to, tose 
results will demonsnate to efficacy of to combination of an <* subnni, calcinm 
channel modulator and a smooth muscle modulator for tieatinen, of fimctional bowel 
disorders as described herein. 
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DISTENSION MODELS 

A variety of assays can be used to assess visceromotor and pain responses to 

rectal distension. See, for example, Gunter et aL, Physiol Behav., 69(3): 379-82 

(2000), Depoortere et aL, J. Pharmacol, and Exp. Ther., 294(3): 983-990 (2000), 

, 5 Morteau et aL, Fund. Clin. Pharmacol, 8(6): 553-62 (1994), Gibson et aL, 

Gastroenterology (Suppl 1), 120(5): A19-A20 (2001) and Gschossmann et al f Eur. 

J. Gastro. Hepat, 14(10): 1067-72 (2002) the entire contents of which are each 

incorporated herein by reference. 

10 VISCERAL PAIN 

Visceral pain can lead to visceral reactions which can manifest themselves 
' as, for example, contractions of the abdominal muscles. The number of contractions 
of the abdominal muscles occurring after a mechanical pain stimulus produced by 
distending the large intestine can thus be a measurement for determining visceral 
1 5 sensitivity to pain. 

The inhibiting action of a test agent on distension-induced contractions, can 
be tested in rats. The distension of the large intestine with an introduced balloon can 
be used as the stimulus; the contraction of the abdominal muscles can be measured 
as the response. 

20 For example, one hour after sensitizing of the large intestine by instillation of 

a weak acetic acid solution, a latex balloon is introduced and inflated sequentially in 
a stepwise fashion to about 50-100 mbar for about 5-10 minutes. Pressure values 
can also be expressed as cm H 2 0 at 4°C (mbar X 1.01973 = cm H 2 0 at 4°C). During 
this time, the contractions of the abdominal muscles are counted. About 20 minutes 

25 after subcutaneous administration of the test agent, this measurement is repeated. 
The action of the test agent is calculated as a percentage reduction in the counted 
contractions compared with the control (i.e., non-sensitized rats). 

VISCEROMOTOR RESPONSE TO COLORECTAL DISTENSION 
30 The ability of a treatment to reverse acetic acid-induced colonic 

hypersensitivity in a rodent model of irritable bowel syndrome can be assessed by the 
following method. 
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Animals 

Adult male Fisher rats are housed under standard conditions. Following one 
week of acclimatization to the animal facility, the rats are brought to the laboratory 
and handled daily for another week to get used to the environment and the research 
associate performing the experiments. 

Visceromotor Resp onse to Colorectal Distension ( CKD) 
The visceromotor behavioral response to colorectal distension was measured 
by counting the number of abdominal contractions recorded by a strain gauge 
sutured onto the abdominal musculature as described in Gunter et al, Physiol. 
Behav., 69(3): 379-82 (2000) in awake unrestrained animals. A 5 cm latex balloon 
catheter inserted via the anal canal into the colon is used for colorectal distensions. 
Constant pressure tonic distensions were performed in a graded manner (15, 30 or 60 
mmHg) and are maintained for a period of 1 0 min and the numbers of abdominal 
15 muscle contractions were recorded to measure the level of colonic sensation. A 10 
min recovery is allowed between distensions. 

Acetic Acid-Induced C olonic Hyp er sensitivity 

Acetic acid-induced colonic hypersensitivity in rats has been described by 
Langlois et al, Eur. J. Pharmacol, 318: 141-144 (1996) and Plourde et al, Am J. 
Physiol. 273: G191-G196 (1997). In the present study, a low concentration of acetic 
acid (1.5 ml, 0.6%) was administered intracolonicaUy to sensitize the colon without 
causing histological damage to the colonic mucosa as described in previous studies 
(Gunter et al, supra). 



20 



25 



30 



Testing 

Drug(s) or vehicle alone are administered to the rats 30 min prior to initiation 
of the protocol for colorectal distension. Injection volume was 0.2mL using 100% 
propylene glycol as the vehicle. Three consecutive colorectal distensions at 15, 30 or 
60 mmHg applied at 10-min intervals were recorded. Visceromotor responses were 
evaluated as the number of abdominal muscle contractions recorded during the 10- 
min periods of colorectal distension. Non-sensitized and sensitized uninjected control 
animals serve to demonstrate the lower and upper levels of response, respectively. 
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GASTROINTESTINAL (GI) MOTILITY MODEL 

The investigation of gastrointestinal motility can be based on either the in 
vivo recording of mechanical or electrical events associated intestinal muscle 
contractions in whole animals or the activity of isolated gastrointestinal intestinal 
muscle preparations recorded in vitro in organ baths (see, for example, Yaun et al, 
Br. J. Pharmacol., U2(4):\095-\ 100 (1994), Jin et al, J. Phann. Exp. Ther., 288(1): 
93-97 (1999) and Venkova et al., J. Pharm. Exp. Ther., 3 00(3) :1046-1052 (2002)). 
The in vivo recordings, especially in conscious freely moving animals, have the 
advantage of characterizing motility patterns and propulsive activity that are directly 
relevant to the motor function of the GI tract. In comparison, in vitro studies provide 
data about the mechanisms and site of action of agents directly affecting contractile 
activity and are a classic tool to distinguish between effects on the circular and /or 
longitudinal intestinal smooth muscle layers. 



IN VIVO COLONIC CONTRACTILITY 

Ambulatory telemetric motility recordings provide a suitable way to 
investigate intestinal motility in conscious animals during long-lasting time periods. 
Telemetric recording of colonic motility has been introduced to study propagating 
contractile activity in the unprepared colon of conscious freely moving animals. 
Yucatan mini-pigs, present an excellent animal model for motility investigations, 
based on the anatomical and functional similarities between the gastrointestinal tract 
in the human and the mini-pig. To be prepared for studies of colonic motility, young 
mini-pigs undergo a surgical procedure to establish a permanent chronic cecal 
25 fistula: 

During an experimental trial, the animals are housed in an animal facility 
under controlled conditions and receive a standard diet with water available ad 
libitum. Telemetric recording of colonic motility in a segment of proximal colon in 
the mini-pig is carried out for approximately one week (McRorie et al, Dig. Dis. 
30 Set 43.: 957-963 (1998); Kuge et al, Dig. Dis. Set. 47: 2651-6 (2002)).' The data 

obtained in each recording session can be used to define the mean amplitude and the 
total number of propagating contractions, the number of high and low velocity 
propagating contractions, the number of long and short duration propagating 
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contractions and to estimate the relative shares of each type contractions as % of 
total contractile activity. A summarized motility index (MI), characterizing colonic 
contractile activity, can be calculated using the following equation: 
MI = # of contractions/24 hr. x area under the pressure peak 24 hr. 

5 

COLONIC MOTILITY 

Female rats are administered, TNBS in ethanol or saline (control), 
intracolonically. The catheter tip is positioned between 2 and 6 cm from the anal 
verge (n=6/group). Three days following TNBS administration, the animals are food 
1 0 restricted overnight and on the following morning are anesthetized with urethane and 
are instrumented for physiological/pharmacological experimentation. 

A ventral incision is made on the ventral surface of the neck, a jugular 
catheter is inserted and secured with ligatures, and the skin wound is closed with 
suture. An intra-colonic balloon-tipped catheter fashioned from condom reservoir 

15 tip and tubing is inserted anally and positioned with the balloon at approximately 4 
cm from the anal verge. Connection via 3-way stopcock to a syringe pump and 
pressure transducer allows for simultaneous balloon volume adjustment and pressure 
recording. Fine wire electrodes are inserted into the external anal sphincter (EAS) 
and the abdominal wall musculature to permit electromyographic (EMG) recording. 

20 With this preparation, intra-colonic pressure, colonic motility, colonic sensory 

thresholds via abdominal EMG firing, and EAS firing frequency and amplitude is 
quantified in both control and irritated animals. 

Following a control period of about 1 hour at a balloon volume of about 
0.025 ml to establish baseline colonic motility and associated non-noxious viscero- 

25 somatic reflex measurements, three consecutive escalating ramps of stepwise or 
continuous balloon inflation are conducted. Following the completion of each 
volume ramp, the balloons are deflated for 30 minutes for recovery and collection of 
additional colonic motility measurements. EMG and colonic pressure responses to 
balloon inflation are measured and analyzed as sensitivities to colorectal distension 

30 (CRD). Administration of pharmacological agents is conducted in an escalating 

dose-response protocol and begins following the last control CRD balloon deflation. 
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IN VITRO 

Recordings of contractile activity of isolated smooth muscle preparations can 
be used to study selected aspects of muscle function under conditions where the 
influence of "external" factors (circulating hormones etc.) is removed, while the 
; muscle itself retains its in vivo capacity. 

Studies are performed using smooth muscle strips (or whole intestinal 
segments) mounted vertically in organ baths with one end fixed and the other 
attached to isometric force transducers. The muscles are continuously bathed in 
modified Krebs bicarbonate buffer, maintained at 37°C and aerated with 95% O and 
5% CO . The tissues are allowed to equilibrate at initial length (Li- at which tension 
is zero) for approximately 5 minutes, and then are gradually stretched by small force 
increments to optimal length (Lo - the length at which maximal active tension is 
generated in response to an agonist). Experiments should be performed at Lo to 
provide standardized spontaneous activity and pharmacological responses. The most 
15 commonly used recording procedures involve isometric transducers attached to an 
appropriate recording device. Mechanical responses to stimulation of enteric nerve 
terminals can be studied in organ baths supplied with pairs of platinum electrodes 
connected to a physiological electrical stimulator. Isolated smooth muscle 
preparations can be used also to study length-tension relationships, which provide 
20 characteristics of the active and passive properties of the smooth muscle. 

A MODEL OF INCREASED COLONIC TRANSIT 

The model used in this example provides a method of determining the 
ability of a drug(s) to normalize accelerated colonic transit induced by water 
25 avoidance stress (WAS). This model provides a method of evaluating the 

effectiveness of a compound in a specific patient group of IBS sufferers where stress 
induced colonic 

motility is considered a significant contributing factor. PreUminary testing in the 
water avoidance stress model confirmed that there exists an association between stress 
30 and altered colonic motility. Fecal pellet output is measured by counting the total 
number of fecal pellets produced during 1 hour of WAS. 
Animals 

Adult male F-344 rats, supplied by Charles River Laboratories and weighing 
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270-350 g, were used to complete this study. The rats were housed 2 per cage under 
standard conditions. Following one to two weeks of acclimatization to the animal 
facility, the rats were brought to the laboratory and handled daily for another week 
to acclimatize them to laboratory conditions and to the research associate who 
5 performed the studies. All procedures used in this study were approved in 
accordance with facility standards. 

Acclimatization prior to exp eriments 

All rats underwent sham stress (1-hour in stress chamber without water) for 
1 0 2-4 consecutive days before undergoing WAS (sham was performed until rats 

produced 0-1 pellet per hour for 2 consecutive days). At the end of the 1-hour stress 
period, the fecal pellets were counted and recorded. 

Procedure 

1 5 WAS causes an acceleration of colonic transit, which can be quantified by 

counting the number of fecal pellets, produced during the stress procedure. Rats 
were placed for 1-hour into a stress chamber onto a raised platform 7.5 cm x 7.5 cm 
x9cm(LxWxH)inthe center of a stress chamber filled with room temperature 
10 water 8 cm in depth. The stress chamber was constructed from a rectangular plastic 

20 tub (40.2 x 60.2 x 3 1 .2 cm). 

SMALL INTESTINAL TRANSIT 

The effect of a drug(s) on the inhibition of small intestinal transit can be 
evaluated using the Small Intestinal Transit Rodent Model described below. 

25 

Method 

Adult male F-344 rats are used in this study. The rats are housed under 
standard conditions. The animals are fed a standard rodent diet and food and water are 
provided "ad libitum". Rats are allowed to acclimatize to the animal facility for one 
30 week prior to the transit experiments. Small intestinal transit in rats is investigated by 
the passage of a charcoal meal along the small intestine during a defined time period 
(15-min). The animals are deprived of food for 12-16 hrs prior to the experiments. 
Rats are given a 
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charcoal meal (a mixture of charcoal, gum arabic, and distilled water) as a 2 mL oral 
gavage and are sacrificed after a 15-min test period. The distance traveled by the 
charcoal meal is quantified as a percent of the small intestinal length, using the 
following equation: Transit (%) = cm traveled by meal/ cm total small intestinal 
5 length x 100. 

DILUTE ACETIC ACID IRRITATIVE MODEL 

10 Objective and Rationale 

The objective of this study was to determine the ability of an a 2 d subunit 
calcium channel modulator in combination with a smooth muscle modulator to 
reverse the reduction in bladder capacity seen following continuous infusion of dilute 
acetic acid, an irritative model. In particular, the current study utilized gabapentin as 

15 an exemplary a 2 d subunit calcium channel modulator, and oxybutynin as an 
exemplary a smooth muscle modulator. 

Materials and Methods 

Urethane anesthetized (1.2 g/kg) normal female rats were utilized in this 
20 study. Groups of rats were treated with oxybutynin alone (n=13), gabapentin alone 
(n=l 1), and respective dose-matched combinations of oxybutynin and gabapentin 
(n=l 1). Subsequently, three series at markedly lower doses and at different dose 
ratios were performed for the purposes of isobologram construction (n=4/group). 
Cumulative dose-response protocols were utilized with half log increments for all 
25 studies. 

Drugs and Prep aration 

Drugs were dissolved in normal saline at 1, 3 and 10 mg/ml for oxybutynin 
and 30, 100 and 300 mg/ml for gabapentin. In these studies, individual doses and 
30 combinations may be subsequently referred to as Low, Mid and High. 

Subsequent studies aimed at isobologram construction combined the drugs in 
dose combinations as shown in the table below (low, middle and high doses for each 
drug paired). Animals were dosed by volume of injection = body weight in kg. 
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Table 1: Isobologram Dose Combinations (mg/kg) 



Isobologram Dose 
Combinations 


Combination 1 
(n=4) 


Combination 2 
(n=4) 


Combination 3 
(n=4) 


Oxybutynin 


0.1, 0.3, 1.0 


0.1, 0.3, 1.0 


0.03, 0.1,0.3 


Gabapentin 


1.0, 3.0, 10.0 


3.0, 10.0, 30.0 


3.0, 10.0, 30.0 



5 Acute Anesthetized In Vivo Model 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with urethane (1 .2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
jugular vein for intravenous drug adniinistration. Via a midline lower abdominal 
10 incision, a flared-tipped PE 50 catheter was inserted into the bladder dome for bladder 
filling and pressure recording. The abdominal cavity was moistened with saline and 
closed by covering with a thin plastic sheet in order to maintain access to the bladder 
for emptying purposes. Fine silver or stainless steel wire electrodes were inserted into 
the external urethral sphincter (EUS) percutaneously for electromyography (EMG). 

15 

Experimental Design: Saline was continuously infused at a rate of 0.055 
ml/min via the bladder-filling catheter for 60 minutes to obtain a baseline of lower 
urinary tract activity (continuous cystometry; CMG). Following the control period, a 
0.25% acetic acid solution in saline was infused into the bladder at the same flow rate 

20 to induce bladder irritation. Following 30 minutes of AA infusion, 3 vehicle 
injections were made at 20 minute intervals to determine vehicle effects, if any. 
Subsequently, increasing doses of a selected active agent, or combination of agents, at 
half log increments were administered intravenously at 30 minute intervals in order to 
construct a cumulative dose-response relationship. At the end of the control saline 

25 cystometry period, the third vehicle, and 20 minutes following each subsequent 

treatment, the infusion pump was stopped, the bladder was emptied by fluid 

withdrawal via the infusion catheter and a single filling cystometrogram was 

performed at the same flow rate in order to determine changes in bladder capacity 

caused by the irritation protocol and subsequent intravenous drug administration. 
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Data Analysis 

Bladder capacity data for each animal were normalized to "% Recovery from 
Irritation," and this index was used as the measure of efficacy. Data from 
5 experiments in which each of the drugs were administered alone were utilized to 
create theoretical populations of additive effects for each dose (low, mid and high), 
and these were compared by one-tailed t-test (individual dose comparisons) and by 2- 
Way ANOVA (across doses) to the actual combination drug data. The means and 
standard deviations of each individual treatment's "dose-matched" (low, middle, and 

10 high) responses were added together to estimate the mean and standard deviation of 
the theoretical additive populations for which to compare to the actual data obtained 
from the combination experiments. The theoretical additive effect population N = 
(Nantimuscarinic + N^s subunit modulator) — 1- P<0.050 was considered significant, Only rats 
that showed between a 50-90% reduction in bladder capacity at the third vehicle 

15 measurement when compared to pre-irritation saline control values were utilized for 
numerical analyses. 

Isobologram construction consisted of two methods, both utilizing the same 
data, but plotting the results either as group means or by individual responses. When 
utilizing group mean data, the common maximal effect reached by both drugs alone 

20 and the combinations listed in the above table was a return to 43% of saline control 

bladder capacity values. When utilizing individual responses for both drugs alone and 
the combinations listed in the above table, the target value was 31% of saline control. 
These low values reflect the modest effectiveness of oxybutynin and gabapentin 
alone. For statistical purposes, the data were analyzed making comparisons for each 

25 drug, regardless of whether alone or in combination. 

Results and Conclusions 

The effect of cumulative increasing doses of oxybutynin (n=13), gabapentin 
(n=l 1) and their matched combinations (e.g. Dose 1 for the combination was 30 
30 mg/kg gabapentin and 1 mg/kg oxybutynin; n=l 1) on bladder capacity is depicted in 
Figure. 1 . Data are normalized to saline controls and are presented as Mean ± SEM. 

The effect of cumulative increasing doses of oxybutynin (n=13), gabapentin 
(n=l 1) and their matched combinations (e.g. Dose 1 for the combination was 30 
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mg/kggabapentin and 1 mg/kg oxybutynin; n=l 1) on bladder capacity (normalized to 
% Recovery from Irritation) is depicted in Figure 2. Note that the combination of 
drugs produced a greater than additive effect at the Low (P=0.0031) and Mid doses 
(P=0.0403), on reduction in bladder capacity caused by continuous intravesical 
5 exposure to dilute acetic acid. Synergy is also suggested by significant differences 
between Additive and Combination effects by 2- Way ANOVA (P=0.0046). Data are 
presented as Mean ± SEM. 

Results of the isobologram studies as determined by utilizing group means to 
determine effective doses is depicted in Figure 3. Using this technique, the common 
10 maximal effect for either drug alone was return to 43% of saline control. The line 
connecting the two axes at the effective dose for each drug alone represents 
theoretical additivity. The three isolated points clustered in the lower left field of the 
graph below the line of additivity represent the dose ranges from three sets of 
experiments utilizing low-dose ratios of drug combinations. As can be readily 
15 visualized by this isobologram, dramatically lower doses of both drugs were required 
in combination to achieve the same endpoint as either drug alone. 

A common maximal effect of individual animals was determined (a return to 
31% of saline control values; Figure 4). Using this approach, it was possible to show 
that no overlap existed between the doses of oxybutynin alone and those Used in the 
20 isobologram combination studies in terms of standard deviation, and that all effective 
combination ranges of oxybutynin were significantly lower than the range of 
oxybutynin alone. Similarly, the effective ranges of gabapentin used in the 
combinations were significantly lower than when gabapentin was used alone. Data 
are presented as Mean ± SD. 
25 The ability of an 0^5 subunit calcium channel modulator in combination with a 

smooth muscle modulator to produce a dramatic reversal in acetic acid irritation- 
induced reduction in bladder capacity strongly indicates efficacy for treating 
functional bowel disorders. Furthermore, the combination of an a 2 5 subunit calcium 
channel modulator and a smooth muscle modulator produced a synergistic effect that 
30 was greater than what would be expected if the effects were simply additive, and also 
demonstrated efficacy using amounts of the individual agents that are much lower 
than would be expected to produce an effect if the agents were administered singly. 
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PHARMACOKINETIC ANALYSIS: GABAPENTIN AND OXYBUTYNIN 
Objective and Rationale 

The purpose of this study was to determine concentrations of gabapentin, 
oxybutynin and desethyl oxybutynin in rat plasma samples over a 2 hour period 
following either 3 mg/kg oxybutynin, 100 mg/kg gabapentin, or the combination of 
those 2 drugs at those doses using a liquid chromatography with tandem mass 
spectrometric detection (LC/MS/MS) method. 



Materials and Methods 

Urethane anesthetized (1 .2 g/kg) normal female rats were utilized in this 
study. Groups of rats were treated with oxybutynin alone (n=6), gabapentin alone 
(n=8), and respective dose-matched combinations of oxybutynin and gabapentin 
15 (n=8). 

Drugs and Preparation 

Drugs were dissolved in normal saline at 3 mg/ml for oxybutynin and 100 
mg/ml for gabapentin. Animals were dosed by volume of injection = body weight in 
20 kg. 

Pharmacokinetic In Vivo Preparation 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with urethane (1.2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
25 jugular vein for intravenous drug administration. 

Experimental Design: Plasma samples (200 K3 EDTA) were taken on ice 
at 4 time points (15, 30 60 and 120 minutes) following intravenous drug 
administration. Samples were spun at 1600 RPM for 7 minutes, plasma was drawn 
30 off and stored at -80 C until chromatographic analysis. 
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Pharmacokinetic Chromatographic Analysis 

Internal Standards: Oxybutynin-D u chloride and baclofen were used as 
internal standards. 

LC/MS/MS Sample Analysis 



Analyte 


Gabapentin, Oxybutynin and Desethyloxybutynin 


Internal Standard (ISTD) 


Baclofen and Oxybutynin-D n 


Matrix 


Rat plasma (K 3 EDTA) 


Extraction 


Protein precipitation 


LC/MS/MS Instrumentation 


SciexAPI-3000 


Ionization Mode 


Electrospray positive 



Solution ID 


Stock Concentration 


Solvent 


Gabapentin 


200 ug/mL 


MeOH 


Oxybutynin 


200 ug/mL 


ACN 


Desemyloxybutynin 


200 ug/mL 


ACN 


Baclofen stock 


100 ug/mL 


MeOH 


Oxybutynin-Dn stock 


100 ug/mL 


ACN ™| 



Preparation 



of Intermediate Standard and Internal Standard Working Snlntinng 



Working 
Solution ID 


Source Solution ID 


Source 
Solution 
Concentration 
(jig/mL) 


Source 
Solution 
Volume 

(mL) 


Final 
Total 
Volume 
(mL) 


Final 
Solution 
Concentration 
(ng/mL) 


Solvent 




Gabapentin stock 


200 


0.400 








Initial STD 


Oxybutynin stock 


200 


0.400 


5.00 


16000 


Rat plasma 




Desethyloxybuty- 


200 


0.400 








nin stock 












Working-IS 


Baclofen stock 
Oxybutynin-Dn 
stock 


100 
100 


0.010 
0.010 


100 


10.0 


ACN 



10 



Working 
Solution ID 


Source 
Solution ID 


Source 
Solution 
Concentration 
(ug/mL) 


Source 
Solution 
Volume 

(mL) 


Final 
Total 
Volume 
(mL) 


Final 
Solution 
Concentration 
(ng/mL) 


Matrix 


STD-1 


Initial STD 


16.0 


0.050 


0.200 


4000 


Rat plasma 


STD-2 


STD-1 


4.00 


0.050 


0.200 


1000 


Rat plasma 


STD-3 


STD-1 


1.00 


0.050 


0.200 


250 


Rat plasma 


STD-4 


STD-3 


0.250 


0.050 


0.200 


62.5 


Rat plasma 


STD-5 


STD-4 


0.063 


0.050 


0.200 


15.6 


Rat plasma 


STD-6 


STD-5 


0.016 


0.050 


0.200 


3.91 


Rat plasma 


STD-7 


STD-6 


0.004 


0.050 


0.200 


0.977 


Rat plasma 



All stock solutions and working internal standard were stored at 2-8°C. Initial 
standard was stored frozen at approximatrely -20°C. 
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Extraction Procedure 



1 


Include solvent blank, a blank matrix (double blank) and a Control 0 (blank matrix spiked with IS^ , 
with the calibration curve. K P Cd ™ IS) 


2 


Aliquot 50.0 nL of control rat plasma, calibration standards or study sample, as appropriate to a 
96-well elution plate. ^ * appropriate, to a 


3 


To Control 0, calibration and study samples, add 200 fiL of working-IS solution. To solvent blank 
and blank matrix, add 200 \iL of acetonitrile. 


4 


Vortex-mix all tubes for 30 seconds. " 


5 


Centrifuge at 2800 rpm for 10 minutes. ~~ : 


6 


Transfer the supernatant to a second 96-well elution plate 


7 


Inject 20 \iL onto the LC/MS/MS system for analysis 


— Chromatographic Conditions 



Column 



Mobile Phase A 



Mobile Phase B 



Flow Rate 

Injection Volume 
Column Temperature 



Genesis C18, 4 urn, 50 x 2.1 mm 
0.1% formic acid in water. 



0.1% formic acid in acetonitrile. 



0.5 mL/min 



20 nL 



35°C 



Gradient 



Time 

0.01 

0.7 

1.3 

1.9 

2.0 

3.0 



%B 

5 

5 

80 
80 
5 

Stop 



Switching Valve 

Waste 

Waste 

MS 

MS 

MS 



RunTime 



3 minutes. 



Instrument 


" API 3000 1 


Ionization Mode 


Turbolonspray 


Polarity 


Positive 


Scan Function 


Multiple Reaction Monitoring (MRM) 




irameters 


Oxybutynin 


Desethyloxybutynin 


Gabapentin 


Baclofen 


Oxybutynin- 
D„ 




Precursor Ion 


358.4 


330.4 


172.3 


214.2 


369.5 




Product Ion 


142.2 


96.2 


137.1 


151.1 


142.2 




Dwell Time (ms) 


150 


150 


150 


50 


50 




DP - Declustering 
Potential (V) 


42 


32 


27 


27 


42 




FP - Focusing 
Potential (V) 


115 


100 


80 


80 


115 




CE - Collision 
Energy (e V) 


34 


24 


23 


26 


36 




CXP - Collision Cell 
Exit Potential (V) 


15 


16 


6 


8 


10 




IS - Ionspray Voltage 
(V) 


2200 ' 1 






TEM- Turbo Gas 


500 












Temperature (°C) 














NEB - Nebulizer Gas 


12 




CUR - Curtain Gas 


~8 




CAD - Collision Gas 


To ' — 




Resolution 


Unit " — 


sortware 

Regression (weighting) 


Analyst 1.1 

~ThT — 
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Calculations: Calculations were performed using Excel Version 8.0e. Some 
reported values may differ in the last reported digit from values calculated directly 
from the report tables due to the rounding that has been applied. 

5 

Pharmacokinetic Analysis: The maximum concentration (C max ) in rat plasma 
and the time to reach maximum concentration (T max ) were obtained by visual 
inspection of the raw data. Pharmacokinetic parameters calculated included half-life 
(ti/2), time to maximum plasma concentration (T max ), area under the concentration- 
10 time curve from time 0 to the last time point (AUC 0 . t ), area under the concentration- 
time curve from 0 to infinity (AUC 0 -co), volume of distribution (V z ), and clearance 
(CL). Pharmacokinetic parameters were calculated by using WinNonlin Professional 
Edition (Pharsight Corporation, Version 3.3). 

15 Results and Conclusions 

For gabapentin (Table 2), the elimination phase of the concentration vs. time 
profiles was not well defined. Based on the comparison of C^ and AUC 0 - t data, 
there appeared to be no appreciable difference between the oxybutynin (Oxy) group 
and the combination (Com) group. No evidence of drug-drug interaction between 
20 oxybutynin and gabapentin was found with the current study design. 

For oxybutynin (Table 3), the pharmacokinetic parameters (C max , AUC 0 - t , 
AUCoko, ti/z, V z and CL) obtained from the combination (Com) group did not appear 
to be appreciably different than those from the oxybutynin (Oxy) group. No evidence 
of drug-drug interaction between oxybutynin and gabapentin was found with the 
25 current study design. 

For desethyl oxybutynin (Table 4), the elimination phase of the concentration 
vs. time profile was not well defined. However, based on the comparison of C™* and 
AUCo-t data, there again appeared to be no appreciable difference between the 
oxybutynin (Oxy) group and the combination (Com) group. 
30 The results of the pharmacokinetic study indicate that pharmacokinetic 

influences of one drug on the other do not account for the synergistic nature of the 
oxybutynin-gabapentin combination as seen in Example 9. That is to say that the 
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synergistic nature of the positive effect of the combination in an irritative model is not 
due to some pharmacokinetic interaction. 



Table 2 

Pharmacokinetic parameters for gabapentin in rat 



Treatment Animal 



Dose Level 
(mg/kg) 



Cmax 

(ng/mL) 



T max 
(minutes) 



AUCot 
(min*ng/mL) 



AUCo-c 
(min*ng/mL) 



tin 
(minutes) 



V, 
(mL/kg) 



CL 
(mL/min/kg) 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Gab 
Gab 
Gab 
Gab 
Gab 
Gab 
Gab 
Gab 

Mean 
SD 

AUQv<» 

AUC(m 

CL 

NA 
NC 
SD 

tl/2 

vT 



7 
8 
9 

10 
11 
20 
23 
24 



4 
5 
6 

12 
13 
14 
17 
21 



100 
100 
100 
100 
100 
100 
100 
100 



100 
100 
100 
100 
100 
100 
100 
100 



1.13E+05 
1.01E+05 
9.33E+04 
1.03E+05 
1.56E+05 
1.00E+05 
1.12E+05 
1.03E+05 

1.10E+05 
1.96E+04 

1.07E+05 
1.12E+05 
1.07E+05 
MOE+05 
9.52E+04 
1.23E+05 
*3.45E+01 
3.59E404 

9.86E+04 
2.88E+04 



ou 


1 .26E+07 


NC 


NC 


NC 


NC 


30 


1 08E+07 






951 


2.18 


15 


1.05E+07 


7.06E+07 


519 


1060 


1.42 


15 


8.76E+06 


1.51E+07 


97.3 


928 


6.61 


60 


1.40E+07 


NC 


NC 


NC 


NC 


15 


1.07E+07 


NC 


NC 


NC 


NC 


15 


1.10E+07 


4.39E+07 


296 


975 


2.28 


30 


1.16E+07 


NC 


NC 


NC 


NC 




1.13E+07 


439E+07 


304 


978 


3.12 




L56E+06 


2.27E+07 


172 


57.4 


2.36 


15 


1.25E+07 


NC 


NC 


NC 


NC 


15 


1.02E-K)7 


1.95E+07 


116 


857 


5.12 


15 


8.56E+06 


1.37E+07 


86.2 


910 


7.32 


15 


1.01E+07 


2.19E+07 


135 


890 


4.57 


15 


8.19E+06 


1.44E+07 


99.4 


996 


6.95 


120 


1.28E+07 


NC 


NC 


NC 


NC 


120 


*2.12EH)3 


NC 


NC 


NC 


NC 


30 


3.80E+06 


1.16E+07 


205 


2555 


8.63 




9.45E+06 


1.62E+07 


128 


1242 


6.52 




3.05E+O6 


4.32E+06 


46.7 


736 


1.66 



Area under the plasma concentration-time curve up to infinity. 

Area under the plasma concentration-time curve up to the last sampling time with measurable concentrations. 
Clearance. 

Maximum plasma concentration. 
Not applicable. 

Not calculated due to insufficient elimination phase data. 
Standard deviation. 
Observed elimination half-life. 
Time to maximum concentration. 
Volume of distribution. 

Outliers. Excluded from mean and SD calculations. 
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Table 3 

Pharmacokinetic parameters for oxybutynin in rat plasma 

Dose Level ~ 
Treatment Animal (mg/kg) (ng/mL) (minutes) 



AUCn 
(min*ng/mL) 



AUCo.« 
(min*ng/mL) 



tin 
(minutes) 



(mlVkg) 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Oxy 
Oxy 
Oxy 
Oxy 
Oxy 
Oxy 

Mean 
SD 



7 
8 
9 
10 
11 
20 
23 
24 



1 

2 
3 

15 
16 
18 



3 
3 
3 
3 
3 
3 
3 
3 



3 
3 
3 
3 
3 
3 



320 
360 
248 
316 
282 
367 
342 
295 

316 
40.4 

228 
448 
238 
217 
419 
426 

329 
112 



CL 
(mL/mm/kg) 



15 


22152 


28177 


24.6 


3774 


106 


15 


20737 


23114 


39.3 


7363 


130 


15 


16201 


19116 


45.5 


10301 


157 


15 


18387 


20541 


39.9 


8411 


146 


15 


16057 


18295 


43 3 




104 


15 


21889 


26725 


53.0 


8590 


112 


15 


19405 


21702 


41.5 


8270 


138 


15 


17222 


19529 


41.2 


9136 


154 




19006 


22150 


41.0 


8262 


138 




2435 


3624 


7.97 


2069 


20.9 


15 


15566 


21438 


72.8 


14701 


140 


15 


24555 


28547 


55.6 


8425 


105 


15 


12865 


14181 


39.8 


12158 


212 


15 


15880 


20477 


56.8 


12004 


147 


15 


23333 


24944 


32.5 


5632 


120 


15 


28295 


38044 


66.9 


7612 


78.9 




20082 


24605 


54 


10089 


134 




6135 


8149 


15.5 


3405 


45.3 



AUC0.O, 

AUCo-t 
CL 

Cmax 

NA 
NC 
SD 

t|/2 
Tmax 

v z 



Area under the plasma concentration-time curve up to infinity. 

Area under the plasma concentration-time curve up to the last sampling time with measurable concentrations. 
Clearance. 

Maximum plasma concentration. 
Not applicable. 

Not calculated due to insufficient elimination phase data. 
Standard deviation. 
Observed elimination half-life. 
Time to maximum concentration. 
Volume of distribution. 
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Treatment Animal 



Table 4 

Pharmacokinetic parameters for desethyl oxybutyria in rat plasma 

Dose Level 
(mg/kg) (ne/mL) 



Tmax AUQm 

(minutes) (min*ng/mL) 



AUCo-o, 
(min*ng/mL) 



tin V 2 
(minutes) (mlAg) 



CL 
(mL/min/kg) 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Oxy 
Oxy 
Oxy 
Oxy 
Oxy 
Oxy 

Mean 
SD 



7 
8 
9 
10 
11 
20 
23 
24 



1 
2 
3 

15 
16 
18 



3 
3 
3 
3 
3 
3 
3 
3 



3 
3 
3 
3 
3 
3 



1.19 
1.15 
1.57 
1.71 
1.47 
3.84 
3.23 
1.80 

2.00 
0.99 

3.6 
1.55 

1.7 
1.18 
1.59 
2.81 

2.07 
0.93 



15 
15 
30 
15 
15 
15 
15 
15 



15 
15 
15 
60 
15 
120 



Oo.U 


471 


266 


2444603 


65.5 


495 


292 


2551693 


I /o 


877 


365 


1801875 


103 


404 


167 


1788610 


80.9 


301 


133 


1 9077QA 


345 


880 


158 


776714 




493 


113 


992758 


177 


442 


160 


1563846 


168 


545 


207 


1728486 


99.1 


215 


. 89.7 


621739 


306 


716 


158 


954133 


47.7 


99 


32.0 


1392698 


53.4 


92 


24.4 


1142356 


69.7 


NC 


NC 


NC 


83.9 


247 


100 


1754810 


306 


NC 


NC 


NC 


144 


289 


78.6 


1310999 


126 


293 


62.9 


346139 



6370 
6066 
3420 
7426 
9965 
3408 
6088 
6788 

6191 
2125 

4191 
30168 
32463 

NC 
12124 

NC 

19737 
13789 



AUCo-o, 

AUCo-t 

CL 

C raax 

NA 

NC 

SD 

tl/2 

»T nax 



Area under the plasma concentration-time curve up to infinity. 

Area under the plasma concentration-time curve up to the last sampling time with measurable concentrations 
Clearance. 

Maximum plasma concentration. 
Not applicable. 

Not calculated due to insufficient elimination phase data. 
Standard deviation. 
Observed elimination half-life. 
Time to maximum concentration. 
Volume of distribution. 



All publications and patent applications mentioned in the specification are 
indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 
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